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EDITORIAL 


“LIFE is short—The art long—Oppor- 
tunity fleeting—Experiment perilous— 
Decision difficult.”” So wrote Hippocrates 
some 2,500 years ago—so would he write, 
certainly with no less conviction, were he 
alive today. For he was an educationalist 
in the broadest sense and one deeply 
interested in the art of medicine. Being 
such, he could hardly regard without 
sympathy, the task of those who aspire to 
specialism in medicine in this present era. 
To misquote an almost equally famous 
aphorism, “‘Never has so much to be learnt 
about so little in so short a time”. The 


lot of the postgraduate indeed is not easy; 
medical knowledge is, like the Universe, 
expanding at such a rate in every direction 
that the task of keeping apace with it is 


formidable. Textbooks are no longer 
any assistance, for even when they are 
still in manuscript form, never mind on 
publication, they are out of date. To 
expect the student facing postgraduate 
examinations to root out and absorb the 
material he requires from articles appear- 
ing in the medical and scientific press is 
surely too much to ask in the time at his 
disposal, which is invariably limited by 
the calls made on him by his clinical 
commitments. The “monograph” is of 
considerable help, but there seems to be a 
place, and, we believe, a need, for some 
publication which will at regular intervals 


A 


summarize various aspects of a particular 
specialty. Such a publication might also 
help the student to acquire the all-im- 
portant “technique” for examinations, 
and could usefully consider problems of 
medical education at all levels in as much 
as they affect the particular specialty 
under consideration. 

It would not fail to include material 
which would be of help to the young re- 
search worker who must acquire some 
familiarity with sciences, e.g., electronics, 
hitherto not considered as closely con- 
nected with medicine. These have been 
the aims of the Educational Supplement 
of this Journal since its introduction in 
January 1954. Last year each of the six 
issues of the Journal had an Educational 
Supplement appended. The time has 
now come to enlarge and develop this 
feature; we hope every sixth issue of the 
Journal, that is to say those apppearing 
in June and December, will be an 
Educational Number. This is the first such 
number and in the coming year we hope to 
develop the idea and perhaps fill a very 
real need in the literature of our specialty. 

We would wish to pay tribute to the 
instigator of this idea, Dr. R. P. Harbord, 
whose stimulating interest has been 
largely responsible for the original insti- 
gation of the Supplement and its evolution 
into this present number. 
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REFLEXES ARISING FROM THE GREAT VEINS AND THE 
PULMONARY CIRCULATION* 


D. WHITTERIDGE 


Department of Physiology, 


In thinking about cardiovascular reflexes, we 
usually assume that their function is to stabilize 
the pressure in that part of the circulatory system 
where their afferent endings lie. Clearly the pres- 
sure receptors of the carotid sinus do exactly this. 
An increase in the pressure in the sinus sets up 
more nerve impulses in the sinus nerve, the vaso- 
motor centre is made to slow the heart and to 
dilate peripheral blood vessels, and the pressure in 
the carotid sinus therefore falls again. The activity 
in the sinus nerve returns to its original level. 
Recently Green (1954) has shown that there are 
groups of pressure receptors scattered along the 
common carotid. They seem to behave in essen- 
tially similar ways to the receptors of the carotid 
sinus. This stabilizing mechanism can, of course, 
be disturbed in a variety of ways. In deep anae:- 
thesia the vasomotor centre is depressed. In early 
stages of anaesthesia with volatile anaesthetics 
Robertson, Swan and Whitteridge (1955) have 
recently shown that the receptors in the carotid 
sinus are greatly sensitized so that they send up 
impulses at two or three times the normal rate 
for a given blood pressure. This mechanism is 
probably responsible for the bradycardia seen with 
chloroform and trichlorethylene when no atropine 
has been given. The sensitization also occurs with 
ether, but here the simultaneous release of adrena- 
line may mask its reflex effects. 

Now, although the pressure in the carotid sinus 
is kept steady and the pressure in the arch of the 
aorta is kept nearly steady, obviously the pressure 
in the arteries of the foot is not stabilized at all. 
Whenever we stand, the pressure in them is 
increased by over 100 mm Hg. We generally say 
that a steady carotid blood pressure is essential for 
the steadiness of the blood flow to the brain, but, 
when we consider other parts of the circulation, 
for example the pressures in the right or left atrium 





*Adapted from a lecture given at the Scientific 
Meeting of the Faculty of Anaesthetists at the Royal 
College of Surgeons of England, February 21, 1953. 


University of Edinburgh 


or in the pulmonary artery, we do not know if the 
pressures at these points are normally kept steady 
or not. 

Nevertheless these three points, the right and 
left atria and the pulmonary artery, are supplied 
with afferent nerves. The histological evidence 
has been available for some years, and we have 
now conclusive electrophysiological evidence. 
What we do not yet know is the extent of reflex 
activity set up by these afferent impulses, whether 
they reduce the pressure changes which set them 
up, or whether they have more remote effects 
upon the circulation. 

As regards the right and left atria, subendo- 
thelial nerve endings at the junction of the great 
veins and the atria were described by Nonidez 
(1937) and confirmed by Elftmann (1943). In 
addition, some spinal endings round muscle fibres 
have been described. Afferent nerve fibres from 
this region were first described by Amann and 
Schaefer (1943), related to venous pressure by 
myself and more accurately by Dickinson (1950) 
and have been confirmed by Neil and Zotterman 
(1950) and others. Recently Paintal (1953) made 
it clear that there are two kinds of fibres both 
arising from the atria. The first kind, known now 
as atrial fibre type A, have a characteristic burst 
of impulses during the P-R interval of the E.C.G. 
This burst is in time with the a-wave of the atrium 
and no doubt set up by it. This a-volley is very 
constant and changes comparatively little with 
changes in venous return. There are also c and v 
volleys in time with the c and v waves of the atrial 
pressure curve. These latter are much increased 
by an increase in venous return. In fact they seem 
to signal pressure in the atrium fairly accurately, 
but it is probable that they adapt to a steadily 
raised venous pressure (Struppler, 1955). They 
behave as though their endings were in the great 
veins, effectively in series with the contractile 
elements of the atrial wall. 
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The second group, the atrial fibre type B, never 
show an a volley as long as the atrium is allowed 
to empty normally, but have a large and long v 
volley which varies with the venous return. 
Occasionally they show a small c volley in time 
with the closure of the atrial valves. They behave 
as though their endings were in parallel with the 
contractile elements of the atrial wall and probably 
arise from the subendothelial endings of Nonidez. 

There is practically no satisfactory evidence of 
the reflex effects of either of these fibres. The 
evidence for the existence of the Bainbridge reflex 
has never been strong, and Ballin and Katz (1942) 
deny that atrial distension affects the heart rate. 
Wiggers (1949), too, is very sceptical about the 
existence of the Bainbridge reflex. The reflex 
effect of these fibres from the right side urgently 
needs investigation. 

It must not be forgotten that there are at least 
as many afferent endings in the left atrium as in 
the right (Pearce and Henry, 1954). Boyd (1952) 
suggests that in the human embryo there may 
even be more on the left side. It has been sug- 
gested by Gauer, Henry, Siekert and Wendt 
(1954) that these fibres on the left side may act 
as volume receptors and decrease the circulating 
blood volume by causing a diuresis when the left 
atrium is distended. They have some supporting 
evidence for this view but it cannot yet be taken 
as established. 

In view of the present clinical interest in the 
pressure in the pulmonary artery, the question 
of a depressor mechanism arising from the bifur- 
cation of the pulmonary artery may have some 
practical importance. Anatomical evidence of 
afferent fibres was provided by Marmorstein 
(1933), and endings on the pulmonary artery in 
the dog were seen by Nonidez (1937). Marmor- 
stein obtained depressor effects by stimulating the 
corresponding afferent nerve filaments. Dr. 
A. A. B. Swan and I have obtained records from 
one nerve fibre which arose from the bifurcation 
of the pulmonary artery, and I have had pre- 
viously evidence of fibres of arterial origin which 
could not have belonged to the aorta or to any of 
its branches. These fibres join the main trunk of 
the vagus nerve, and we have never found any in 
the depressor trunk, even after silencing the fibres 
from the subclavian-carotid bifurcation by com- 


pressing the ascending aorta. Although there is 
some evidence that these fibres can slow the 
heart (Aviado et al., 1951), we know nothing at 
present of any possible effect they may have on 
the pulmonary circulation itself. Although the 
existence of nervous control of the pulmonary 
circulation in the dog has been established by 
Daly and Hebb (1952), we do not know whether 
this mechanism is in operation in the normal intact 
animal nor do we know the afferent paths which 
may excite it reflexly. It remains true that a 
maintained rise in capillary pressure from the 
normal value probably around 6-8 mm Hg to 25 
mm Hg must be fatal by producing pulmonary 
oedema in capillaries of normal permeability. 

Quite recently Paintal (1955) has described 
very small fibres from the lung which are stimu- 
lated by deflation and sensitized by congestion. 
Their conduction rate is below 6 m/sec which 
means that they must be among the smallest 
myelinated fibres. It is difficult to stimulate such 
fibres in isolation from other types, but their 
reflex effects are obviously likely to be most im- 
portant and interesting. 
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ANALGESIC DRUGS 


BY 
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University of Bristol 


MacDonaLp (1949) has defined analgesics as 
drugs which reduce or relieve the sensation of pain 
without producing loss of consciousness or parallel 
depression of other senses. An alternative view, 
which I prefer, would define them as drugs whose 
main effect is to reduce the reaction of the central 
nervous system to pain, and whose repeated use 
may lead to addiction. 

In this article the pharmacology of some of the 
analgesic drugs will be considered, and structural 
relationships between different groups will be 
pointed out. 

MacDonald’s definition would include such 
drugs as nitrous oxide and trichlorethylene in 
limited concentrations, the “local anaesthetics ”, 
and the coal tar antipyretics. Anaesthetists would 
not usually include the first two groups when 
speaking of the analgesic drugs. The coal tar 
derivatives have a place in the treatment of certain 
types of pain, but they are so far inferior to mor- 
phine in the relief of severe pain that Fourneau 
(1938) could not consider them as true analgesics 
and suggested that they be called “ antalgics ”. 

The cortical appreciation of pain, and the indi- 
vidual’s reaction to it, are very complex pheno- 
mena. This is one of the factors which make 
comparison of analgesic drugs so difficult. It has 
been said (Hardy, Wolff and Goodell, 1940) that 
morphine acts in three ways: by raising the pain 
threshold, by altering the response to pain that is 
felt, and by inducing somnolence. I believe that 
the second of these is by far the most important. 
Every clinician knows that the beneficent effect 
of morphine on pain is invariable. Its threshold 
elevating effect, as measured in the laboratory, is 
very variable; so is the somnolence it produces. 

There is no doubt, however, that most success- 
ful analgesic drugs are capable of raising the pain 
threshold, apart from their effect on the psyche, 
and it is clear that this is the only action which 


therapists should demand. We want drugs (like 
suxamethonium) which have specific actions, and 
if we had a drug whose only action was to raise the 
pain threshold this article would not be necessary. 
Nor would anaesthetists. 

The search for such a drug has been going on 
for a long time. But because we are ignorant of 
the nature of pain (we don’t even know where to 
look for this threshold that we wish to raise); 
because we do not know which part of the molecule 
of morphine is responsible for “ analgesia ” and 
which for side effects; and because pharma- 
cological experiments are so unsatisfactory, it is 
consistently unsuccessful. Perhaps the search is 
doomed to failure, because—like that for perpetual 
motion—its object is unattainable. 

Experimental subjects must be either animals or 
humans. Both are unsatisfactory. Most animal 
studies are limited to crude investigations of 
threshold raising activity. They are of the type in 
which a stimulus of graded intensity is applied. It 
will evoke, or fail to evoke, a response of the all- 
or-none type. Such experiments convey no infor- 
mation whatever about side effects, such as nausea, 
dizziness, euphoria or addiction. Other animal 
studies designed to investigate toxic effects record 
the L.D.50, by which we mean the dose, in mg/kg, 
which will be lethal to 50 per cent of the animals 
given it. By correlating threshold raising effect 
with crude toxicity some sort of therapeutic index 
may be derived by which one drug can be com- 
pared with another; but animals exhibit such an 
enormous species difference that these results are 
quite inapplicable to man. 

Human subjects can give a wealth of information 
about relative intensity and qualitative differences 
of pain, and about whether in them a drug causes 
nausea, dizziness, euphoria, disorientation, somno- 
lence, psychic dissociation, craving, loss of appe- 
tite, flatulence, nightmares, constipation, and so on. 
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The very bulk of subjective information, and its 
lack of precision, bedevil scientific appraisal. 

Most tests for human subjects, as for animals, 
consist of the repeated application of a certain 
stimulus. Because of the accuracy with which it 
can be repeated and measured, heat is the favourite 
stimulus. Other stimuli are electric shocks to the 
feet (Macht, Hennan and Levy, 1916), the passage 
of an electric current through a tooth filling 
(Goetzl, Burrill and Ivy, 1943), the voluntary con- 
traction of muscles rendered ischaemic by a tourni- 
quet (Harrison and Bigelow, 1943), the application 
of a bristle or fine wire to the lip or eyelid (Seevers 
and Pfeiffer, 1936), and pressure over bony promi- 
nences. The most popular method for humans, 
and probabiy the least inaccurate if carefully 
applied, is that of Hardy et al. (1940). It consists 
of the application of radiant heat to a blackened 
area of the forehead. 

All these methods show a much greater range 
of variation than is usual even in biological work. 
This is because of uncontrollable psychic factors. 
One of these factors is the effect of the drug in 
reducing the psychic tension normally induced 
in human experimental subjects by the anticipa- 
tion of pain. This factor makes it impossible to 
distinguish between threshold raising proper and 
psychic dissociation of pain, and of course it puts 
an unbridgeable gulf between laboratory and 
clinical practice. 

Another difference between laboratory and 
clinical practice is that in the latter the subject is 
already in pain when he is given the drug, and 
this cannot fail to have a profound influence on 
its effect. An attempt has been made to take 
account of this in laboratory work by Hewer and 
Keele (1948). It serves to emphasize the fact that 
the laboratory investigation of analgesic drugs is 
beset with pitfalls, and clinical use must be the 
final arbiter. Scientific comparison of analgesic 
drugs on patients in hospital, however, is so 
laborious as to be seldom undertaken, though a 
notable exception is the careful and painstaking 
hospital work of Denton and Beecher (1949), 
which is referred to later. The collection of 
“clinical impressions ” which are not based on 
scientifically controlled experiment, is not a worth- 
while form of activity. 

Hardy, Wolff and Goodell (1943) tried to 
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separate pain appreciation per se from its hypo- 
thalamic accompaniment by measuring the electro- 
dermal response to painful stimuli. They found 
that the pain threshold in any individual was rela- 
tively constant, and could be raised by a given dose 
of an analgesic drug to a predictable extent. The 
accompanying “alarm reaction”, however, as 
expressed by the electrodermal response, was very 
variable, and though it was always decreased by 
analgesics the extent of the reduction was unpre- 
dictable. 

Schwartz and Lazlo (1950) investigated vascu- 
lar changes mediated through the autonomic 
nervous system as an accompaniment of pain by 
measuring digital vascular responses to electric 
shock. They too found that opiates reduce the 
autonomic vascular response. 

Thus the more the threshold raising effect is 
studied the more it is found to be closely bound 
up with hypothalamic, thalamic and cortical 
influences. Since it is common knowledge that 
preoccupation or emotion may raise the pain 
threshold to phenomenal heights without the 
intervention of drugs, this is not surprising. 

The opiates have been used for three thousand 
years; but even after the isolation of morphine by 
Setiirner in 1805 for a long time we knew little 
of the structure of their important alkaloids. In 
recent years, however, a vast amount of work has 
been done on the analysis of the opium alkaloids 
and the synthesis of drugs with analgesic proper- 
ties: and the structure of morphine which was 
proposed by Gulland and Robinson in 1925 was 
confirmed recently by its synthesis by Gates and 
Tscudi (1952) 

Morphine is usually regarded as being based on 
the simple 3-carbon ring of phenanthrene (fig. 1). 





Phenanthrene. (By convention, a single H atom is 
understood, but not shown, whenever an unsatisfied 
valency requires it.) 
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Phenanthrene contains no nitrogen, but one of the 
most important characteristics of the morphine 
molecule is the addition of a complex consisting 
of a nitrogen atom joined to two methylene (CH,) 
links, which is known to pharmacologists as an 
ethanamine bridge. The N atom is tertiary (that 
is to say that all three of its valencies are occupied 
by C atoms, and none by H atoms). This com- 
plex bridges C atoms 8 and 10, breaking double 
bonds between C7-8, and C9—10, and calling for 
the addition of H atoms on C7 and C9 to satisfy 
their valencies (fig. 2). 








Phenanthrene with the ethanamine bridge. 


Another addition is an oxygen atom between C6 
and C14, replacing an H atom on C6 and a double 
bond between C13 and C 14. This is sometimes 
referred to as the “ether bridge”, because the 
structural formula for ethers is R-O-R. 

With the substitution of a hydroxyl ion for the 
H atom on Cl and the addition of a hydroxyl ion 
on C13, the conversion of phenanthrene to mor- 
phine is complete (fig. 3). 


N—CH, 
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Morphine 
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As the hydroxyl on C13 is an addition, this part 
of the molecule behaves as an alcohol. That on 
Cl is a substitution on a ring which still has all 
the double bonds of benzene, and which is con- 
verted by this substitution into phenol. These 
two hydroxyl groups are known respectively, 
therefore, as the alcoholic and phenolic hydroxyls. 
The alcoholic hydroxyl is thought to influence 
morphine’s stimulant and convulsant properties, 
and the phenolic hydroxyl is thought to affect its 
depressant properties. This, then, is the structure 
of one of the most valuable drugs available to man. 
Looked at in another way—and there are of 
course many ways of looking at complex three 
dimensional arrangements—relationships may be 
discerned with piperidine (from which pethidine 
is also derived) and with isoquinoline (from which 
the synthetic morphinans have been made). As an 
antagonist to pain it is almost infallible. All its 
other actions—with the possible exception of 
sedation—are undesirable. On the central nervous 
system it produces a peculiar mixture of stimula- 
tion and depression. It directly stimulates the 
vomiting centre and the pupillary constrictor fibres 
in the Edinger-Westphal nucleus. It has an initial 
stimulating effect, also, on the centres for saliva- 
tion, sweating and bronchial secretion, though this 
may also be due, in part, to an anticholinesterase 
effect. It increases spinal reflexes by stimulating 
synaptic transmission. It causes constriction of 
the sphincters of the alimentary tract, so that 
intrabiliary pressure is raised and evacuation 
impeded. It stimulates glycogenolysis, probably 
through the adrenals, and raises the blood sugar. 
Its cerebral stimulant effect is so marked in some 
species, such as the cat, that depression is eclipsed. 
Even in man, its stimulant effect may occasionally 
be such as to produce mania and convulsions. It 
depresses respiration, to such an extent that ten 
times the dose normally given for the relief of 
pain is likely to be fatal, and it makes the cough 
reflex much less sensitive. It depresses the cardio- 
vascular centre, though less markedly than the 
respiratory centre. It depresses the temperature 
regulating centre and usually causes vasodilata- 
tion. It greatly reduces intestinal activity. It has 
an antidiuretic effect on the pituitary system, 
causing water retention. Less important side 
effects are allergic phenomena such as skin rashes, 
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itching and sneezing. It produces, in marked 
degree, the changes in mood—often presaged by 
euphoria—which are always caused by drugs 
that lead to addiction, and which, I suspect, are 
inseparable from its pain-relieving, or rather pain- 
opposing, qualities. 

Of the other well established opium alkaloids 
related to phenanthrene, only two are important. 
These are codein and heroin. 

Codein differs structurally from morphine in that 
the phenolic OH on Cl is replaced by the methoxy 
group—O.CH,. This substitution weakens all its 
pharmacologic actions by about 75 per cent. 
Because it is less depressing, less constipating and 
less addicting than morphine it can be more freely 
used, and is popular as a cough sedative and as a 
component of mixtures containing the coal tar 
antipyretics. There is no evidence that its pain 
relieving properties are reduced less, in comparison 
with morphine, than its side effects. 

In heroin both the phenolic OH on Cl and the 
alcoholic OH on C13 are replaced by an acetyl 
(—O.CO.CH,) group. By contrast wi... ccdein, 
this substitution strengthens all the pharma- 
cological actions by a factor of about three, but 
again there is no clear evidence that this increase 
favours one action more than another. But because 
of the relatively small quantity needed it is 
favoured by addicts, and on this account it has 
been banned in the U.S.A., and its use is being 
discontinued in Britain. 

Papaveretum, B.P. (“ Omnopon”’) is an extract 
of the juice of the opium poppy. purified of 
extraneous matter such as sugars and resins, so 
that only the alkaloids remain, in about their 
natural proportions. It contains 50 per cent of 
morphine and some papaverine, but the amount 
of this is not significant. 


As soon as the structure of morphine was laid 
bare it became possible for chemists to modify it 
systematically. There was a great urge to do this, 
because it was felt that in this way the part of the 
molecule responsible for relieving pain might be 
freed from the part producing side effects. The 
search has resulted in many new compounds, only 
a few of which will be mentioned here. 

Dihydromorphinone is also known as 
“ Dilaudid”. The last syllable of its proper name 
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implies a ketone (C=O), and this is formed by 
replacement of -OH and —H by =O on C13. 
The double hydrogenation reflected in the first 
part of the name is effected on C11 and C12, with 
the disappearance of the double bond between 
them. 

Most of the artificial modifications of morphine 
are confined to changes on atoms C11, C12 and 
C13, so that they can be graphically represented 
by depicting these atoms only, a device for which 
I am indebted to Beckett (1952). Thus dihydro- 
morphinone is as shown in figure 4. It is rather 
more potent than morphine, and its toxicity is 
similarly increased. Equianalgesic doses appear to 
be less sedating, and possibly less emetic, than 
morphine. Most drugs of greater potency than 
morphine have shorter action, and this is true of 
dihydromorphinone. 

H 


1 


Fic. 4 
Dihydromorphinone 


In methyldihydromorphinone (“ Metopon”’) a 
methyl radical is substituted for a hydrogen atom 
on Cl2. This enhances its activity, so that the 
minimal analgesic dose is as small as 6 mg, and 
clinical trials (Eddy, 1948) indicate that its side 
effects may be relatively reduced. Another advan- 
tage is that it is effective by mouth. However, it 
is difficult to make, and is at the moment not 
obtainable outside the U.S.A. 

N-methylmorphinan is interesting as a structural 
approach to morphine with isoquinoline as a start- 
ing point (Grewe, Mondon and Nolte, 1949). It 
has the three benzene rings of phenanthrene, and 
the bridging complex of a tertiary N with two 
CH,’s of morphine, but without its ether bridge 
or hydroxyl substitutions (see fig. 5 and cf. fig. 2). 
It has morphine-like properties. When the 
approach to morphine is made closer by the subs- 
titution of a “ phenolic” hydroxyl on Cl, an 
interesting compound is obtained. As the hydro- 














Fic. 5 
N-methylmorphinan 


bromide, this drug is known as “ Dromoran”. It 
has been well tested in animals (Randall and 
Lehmann, 1950) and given a fair clinical trial 
(Slomka, Keasling and Gross, 1951). It appears 
to be about four times as potent as morphine, with 
fewer side effects, and contrary to the general rule 
for substances more potent than morphine, it is 
effective for longer than that drug. Its laevo form 
(“levorphan”) is more than twice as potent as 
“ Dromoran ”’, which is the racemic form (Benson, 
Stifko and Randall, 1953). 

Besides the phenanthrene derivatives (natural 
and synthetic) there are three other groups of 
drugs which possess important pain opposing 
qualities, and which are suited to clinical use. All 
have in common a chain of two methylene links 
attached to a tertiary nitrogen atom. This chain 
is based on piperidine (fig. 6) in the first group, 
on heptane in the second group—the di-phenyl- 
alkyl-amines (fig. 7)—and on butane or buty- 


Fic. 6 
Piperidene 
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lene in the third group, the di-thienyl-butenyl- 
amines (fig. 8). 

Of the piperidine series, pethidine is the most 
important. Its structure is indicated by its full 
name, which is 1 methyl-4 phenyl piperidine-4 
carboxylic acid ethyl ester. Anaesthetists tend to 
shy at these long names, but if they are looked at 
squarely in the face they can be very helpful. Thus, 
assuming the elementary pharmacological know- 
ledge of the ring structure of piperidine (fig. 6) 
and the convention of numbering the atoms, it will 
be clear that a methyl (— CH,) group is substitu- 
ted on the N atom and two groups are substituted 
for the two hydrogen atoms on C4. One of these 
is a benzene ring. It cannot be indicated by 
“ benzyl ” as one would expect, because this term 
had already been applied to the radical 
C,H,—-CH,— whose compounds had been dis- 
covered earlier, so the radical C,H, is called 


Fic. 7 
Di-phenyl-alky| amines of 5-heptanone 


“ ct 
( ‘ 


Fic. 8 
Di-thienyl-butenyl-amines 
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Fic. 9 
Pethidine 


phenyl from its relation to phenol. The other is 
the. ester formed by the combination of the 
carboxyl radical and ethyl alcohol: 


C=O-O-H+H-O-C,H,— 
C=O-O-C,H,+H,O 
The compound named can thus be drawn as in 


figure 9. This synthetic compound did not result 
from any intention to copy the morphine molecule. 


but from an attempt by Eisleb and Schaumann 
(1939) to find antispasmodic drugs related to 


atropine. Its pain opposing qualities were dis- 
covered incidentally. 

It is about one-eighth as powerful, as an anal- 
gesic, as morphine. It shows some of morphine’s 
undesirable side effects, such as respiratory depres- 
sion, nausea, dizziness and liability to addiction. 
It is sometimes said that for equianalgesic doses 
its depressant effect is less than that of morphine. 
Controlled experiments by Prescott, Ransom and 
Thorp (1949), and Loeschke, Sweel, Kough and 
Lambertsen (1953), however, do not bear this out. 
It has the advantages over morphine that it is 
effective by mouth and that it is not constipating; 
indeed it has been shown to be spasmolytic 
throughout the alimentary tract (Yonkman, 1948), 
in sharp contrast to morphine, except for the 
duodenum and bile ducts, where it resembles 
morphine in being spasmogenic. It is therefore 
generally superior to morphine when spasm of 
smooth muscle contributes to the pain. 

The almost accidental success of this piperidine 
compound as an analgesic has naturally led, as 
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with morphine, to attempts to increase its effec- 
tiveness without increasing its side effects. 

Of the derivatives of pethidine which have been 
synthesized, bemidone (hydroxy pethidine), keto- 
bemidone and “ Nisentil ” are the most important. 
All resemble pethidine, but they are more potent. 
In bemidone, however, the side effects are in- 
creased more than the analgesic potency. Keto- 
bemidone is fifteen to twenty times as potent as 
pethidine, (Kirchoff, 1948), and may be useful, 
but it has been shown to be highly addicting 
(Isbell, 1949). “ Nisentil ” is similar to pethidine 
with an additional methyl group on the piperidine 
ring. It is quicker acting than pethidine, and 
Siker, Foldes, Neung-Man Pahk and Swerdlow 
(1954) prefer it to that drug as a supplement to 
anaesthesia with thiopentone, nitrous oxide and 
oxygen. 


Fic. 10 
Amidone 


In the heptanones we have a series of com- 
pounds which belong to the diphenylalkylamines, 
with marked pain opposing powers, but with less 
hypnotic effect than morphine. The first of them, 
amidone, was discovered in Germany, and has 
been given numerous clinical (Denton and 
Beecher, 1949; Hewer, Keele, Keele and Nathan, 
1949; Nathan, 1952) and laboratory (Scott and 
Chen, 1946; Eddy, Touchberry and Lieberman, 
1950) tests. Its structural name is 2-dimethyl- 
amino-4: 4-diphenylheptan-5-one hydrochloride. 
This indicates that the simple saturated hydro- 
carbon compound with seven carbon atoms, hep- 
tane, is involved; that a dimethylamino group is 
substituted on the second C atom of the chain; 
that two phenyl groups are substituted on the 
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fourth C atom; and that a ketone group is substi- 
tuted on the fifth atom. This is shown in figure 10. 
Amidone is less hypnotic than morphine and 
rather more potent—Nathan (1952) found 12 mg 
of amidone to be equianalgesic with 16 mg of 
morphine—but it may lead to prolonged nausea 
and vomiting (MacDonald, 1949). The laevo- 
form of iso-amidone appears more promising 
(Prescott et al., 1949; Keats and Beecher, 1952). 

Heptazone is similar to amidone, but has a 
cyclic group on the N atom. When it was tried on 
humans by Wilson and Hunter (1948), using as 2 
test the diminution of pain resulting from con- 
traction of ischaemic muscle, 5 mg heptazone was 
more effective than the same dose of amidone, 
and much more effective than 50 mg of pethidine. 
In large doses (of the order of 30 mg) it may cause 
profound respiratory depression (Nathan, 1952), 
but 10 mg is sufficient to produce an analgesic 
effect equivalent to 16 mg (} grain) of morphine. 

The group based on butane or butylene, which 
is the most recently discovered (Adamson and 
Green, 1950; Adamson, Duffin and Green, 1951) 
consists of di-thienyl-butyl or di-thienyl-butenyl 
amines (fig. 8). A number of these compounds 
have been prepared, and subjected to laboratory 
and to clinical trials (Flintan and Keele, 1954). 
In the most promising compound, designated 
1 C 50, R, is CH, and R, is C,H,. It has about 
one-tenth of the analgesic power of morphine, so 
that the effective dose is of the order of 100 mg. 
It is not effective by mouth. It depresses respira- 
tion at least as much as morphine does, and it is 
rather more hypnotic than an equianalgesic dose 
of that drug. Its chief advantage seems to be a 
striking absence of any tendency to produce 
nausea or vomiting. It sometimes leads to the 
passing of coloured urine, but this is probably due 
merely to coloured decomposition products. It 
can produce addiction. 


It will be seen that there are now available a 
number of drugs which are at least as effective as 
morphine as antagonists to pain. It remains to be 
shown, however, that therapeutically we are any 
better off. The claim that a compound is x times 
more potent than morphine is in itself no recom- 
mendation, and, in fact, has little meaning, as 
MacDonald (1949) has pointed out. Morphine 
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itself is strong enough. Just as, for every new 
muscle relaxant, the claim is made that it relaxes 
the abdominal but spares the respiratory muscles, 
so for every new analgesic the claim is made that 
it produces analgesia without side effects. In one 
of the few serious attempts to apply the test of 
clinical suitability to new compounds Keats and 
Beecher (1952) have found little evidence of any 
improvement on morphine. . 

We still know little of the relationship between 
chemical structure and pharmacological action. 
The phenanthrene nucleus, the piperidine com- 
pounds, the heptanones and the butylenes seem at 
first sight to be structurally very different, and 
though various attempts have been made, by 
rearranging the representation of the molecule in 
three dimensions, to show structural similarity, 
the results are not convincing, at any rate to those 
of us who are umaccustomed to these stereo- 
morphic gymnastics. 

It is important to note, however, that morphine, 
N-methyl-morphinan, pethidine, amidone, the 
dithienylalkylamines and their derivatives all have 
in common the complex consisting of a tertiary 
nitrogen group and a quarternary carbon atom 
separated by a - CH, — CH, — linkage, which was 
mentioned in the description of the morphine 
molecule. This recurring theme, in its commonest 
form, is illustrated in figure 11. It seems likely 
that it is of fundamental importance. 





C H H 
ive digs . 
C—c— C— ¢ N 
oper ieee, a, 
C H H 
Fic. 11 


Further light may be thrown on the mode of 
action of the analgesic drugs, and on the influence 
of structure on function, by the recent discovery, 
or re-discovery, of the antagonistic action of 
N-allyl-nor-morphine. This compound will 
largely reverse the respiratory and cardiovascular 
depression caused by morphine, pethidine, and 
their relatives (Landmesser, Cobb and Converse, 
1953)—by those compounds, that is to say, which 
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contain the tertiary N— CH, —- CH, —C linkage— 
but has no effect on the depression caused by the 
barbiturates, the alcohols, the ethers, or other 
general anaesthetics (Eckenhoff, Hoffman and 
Dripps, 1952). 

HHH 


1 | 
N-C-(=C-H 
Mo i | H 
y 
ne ba 


Fic. 12 
N-allylnormorphine 








It has a close structural similarity to morphine, 
the only difference being the substitution of an 
allyl for a methyl group on the N atom (fig. 12). 
The “nor” in the name stands for the German 
“Nitrogen ohne Radical”, signifying that a 
radical has been removed from its attachment to 
a nitrogen atom. Since another has been put in 
its place, the logic of using this prefix might be 
questioned, but this name has now become the 
accepted form. It is presumed to act by displacing 
morphine, and other drugs bearing the appropriate 
structural group, from combination with receptors 
in the CNS. It has, itself, a mild depressant and 
analgesic action, but this is so much smaller than 
the effect of the drug which it displaces that the 
net result of giving it after an opiate is a lowering 
of the pain threshold, an increase in the sensitivity 
of the respiratory and cardiovascular centres, and 
a reversal of narcosis, which can be positively 
dramatic. The N-allyl derivatives of codein and of 
various synthetic morphine substitutes have been 
found (Hamilton and Cullen, 1953) to have a 
similar action. 

The N-allyl derivatives are an important 
addition to the therapeutic armoury. Not only are 
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they useful in the treatment of overdosage with 
the opiates; but they also allow these drugs to be 
more freely given. This is of particular applica- 
tion in obstetrics. In the past, obstetricians have 
tended to withhold opiates from mothers admitted 
late in labour, for fear of the baby being narcotized 
on delivery. Now, in the knowledge that such 
neonatal depression can be rapidly reversed by an 
injection of N-allylnormorphine into the umbilical 
vein, this reluctance is disappearing. 

Because it has some depressant effect of its own, 
N-allylnormorphine should be given cautiously; 
and in the treatment of overdosage with the opiates 
it is better to give repeated small doses (of the 
order of 5 mg for an adult) than one large one. 
For a newborn baby the first dose should not 
exceed 0.2 mg. 

Another relevant fact is that N-allylnormorphine 
produces an acute abstinence syndrome in mor- 
phine takers within a few minutes (Wikler, Carter, 
Fraser and Isbell, 1952). This may throw light on 
the interesting problem of the relationship between 
pain opposing drugs, euphoria and addiction. 

It seems that addiction may be produced by all 
efficient “ pain opposing drugs”. The phrase is 
deliberately used to denote an alteration of mood, 
by which the reaction to pain, rather than its 
appreciation, is diminished, and my definition of 
analgesics would exclude drugs which do not have 
this effect. 

This change of mood is usually pleasant, and 
is accompanied by euphoria. With repeated use, 
psychic habituation and physical dependence are 
soon established, and addiction is round the 
corner. It has been asserted that it is only psycho- 
logically abnormal subjects who become addicts, 
but there is no good evidence for this. It has also 
been suggested that those who do not experience 
euphoria—a pleasurable change of mood—will 
not become addicted. The phenomena of physical 
dependence, tolerance and the abstinence syn- 
drome, and their relationship to the autonomic 
nervous system, provide many interesting 
problems. Though they have some bearing on 
the mode of action of the pain opposing drugs, 
there is no space to discuss them here. 

Since analgesic drugs have been defined as 
drugs that oppose pain mainly by inducing a 
change of mood and are liable to cause addiction, 
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the cannabinols must also be considered. It would 
be satisfying to demonstrate a structural similarity 
between, say cannabis indica (Hashish) and mor- 
phine, but none is apparent; and the cannabinols 
contain no nitrogen. Cannabis does produce a 
kind of euphoria, but it is only mildly addicting 
because withdrawal does not lead to an abstinence 
syndrome. 
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confusion of nomenclature. For the synthetic 
products, especially, there are many more names 
than there are drugs. It is stultifying to read an 
article about “isonipecaine” for instance, in 
ignorance of the fact that our old friend pethidine 
is being referred to. The following table, which 
is not exhaustive, lists alternative names for the 
drugs which have been mentioned in this paper. 





Dihydromorphinone 


Dilaudid 


Bemidone 


Hydroxypethidine 


Papaveratum B.P. 


Omnopon B.P.C. 
Pantopon 
Alopon 

Opoidine 


Chlorpromazine 
Largactil 

R.P. 4560 
Heptazone 
Phenadoxone 


Heptalgin 
C.11 


Methyldihydromorphinone 


Metapon 


Amidone 


Physeptone 
Dolophine 
Miadone 

Adanon 

Butalgin 
Methadone B.P.C. 
Héchst 10820 


Pethidine 


Demerol 
Diadone 
Dolantal 
Dolantil 
Dolosal 
Eudolat 
Isonipecaine 
Meperidine 
Mephedine 
Pantalgin 
Piridosal 
Spasmedal 





Other drugs which may be included by my 
definition are some members of the phenthiazine 
series, particularly chlorpromazine (“ Largactil ”). 
This drug undoubtedly produces a change of 
mood, which might be described as dissociation, 
and it has been said that it produces a “ chemical 
leucotomy”. It has been used, with spectacular 
success, to oppose the pain and the psychic depres- 
sion of inoperable cancer. Whether it, too, is 
addicting remains to be seen. The fact that it 
produces somnolence rather than euphoria may 
save it from that. 

The literature of analgesic drugs is fogged by a 


REFERENCES 


Adamson, D. W., and Green. A. F. (1950). Nature, 


Lond., 165, 122. 
—— Duffin, W. M., and Green, A. F. (1951). Nature, 
Lond., 167, 153. 
Beckett, A. H. (1952). 
425. 

Benson, W. M.., Stifko, P. L., and Randall, L. O. (1953). 
J. Pharmacol., 109, 189. 

Denton, J. E., and Beecher, H. K. (1949). 
med. Ass., 141, 1051, 1146. 

Eckenhoff, J. E., Hoffman, G. L., and Dripps, R. D. 
(1952). Anesthesiology, 13, 242. 

Eddy, N. B. (1948). Ann. N.Y. Acad. Sci., 51, 51. 

—— Touchberry, C. F., and Lieberman, J. E. (1950). 
J. Pharmacol., 98, 121. 


J. Pharm. Pharmacol., 4, 


J. Amer. 











we ww = wa wa ve 











ANALGESIC DRUGS 


Eisleb, O., and Schaumann, O. (1939). Dtsch. med. 
Wschr., 65, 967. 

Flintan, P., and Keele, C. A. (1954). Brit, J. Pharma- 
col., 9, 106. 

Fourneau, E. (1938). Chem. et Ind., 39, 1043 (Quoted 
by Beckett). 

Gates, N., and Tschudi, R. (1952). J. Amer. Chem. 
Soc., 74, 1109. 

Goetzl, F. R., Burrill, D. Y., and Ivy, A. C. (1943). 
Quart. Bull. N’thwest. Univ. med. Sch., 17, 280. 

Grewe, R., Mondon, A., and Nolte, E. (1949). Justus 
Liebigs Ann. Chem., 564, 161. 

Gulland, J. M., and Robinson, R. (1925). Proc. 
Manch., Lit. and Phil. Soc., 69, 79. 

Hamilton, W. K., and Cullen, S. C. (1953). Anesthe- 
siology, 14, 550. 

Hardy, J. D., Wolff, H. G., and Goodell, H. (1940). 
J. clin. Invest., 19, 649. 

(1943). Res. Publ. Ass. nerv. ment. 








Dis., 23, 1. 

Harrison, I. B., and Bigelow, N. H. (1943). Res. Publ. 
Ass. nerv. ment. Dis., 23, 154. 

Hewer, A. J. H., and Keele, C. A. (1948). Lancet, 2, 
683. 

Keele, K. D., and Nathan, P. W. (1949) 
Lancet, 1, 431. 

Isbell, H. (1949). J. Pharmacol., 97, 182. 

Keats, A. S., and Beecher, H. K. (1952). J. Pharmacol., 
105, 109. 

Kirchoff, A. C., and David, N. A. (1948). Curr. Res. 

Anesth., 27, 92. 











285 


Landmesser, C. M.. Cobb, S., and Converse, J. G. 
(1953). Anesthesiology, 14, 535. 

Loeschke, H. H., Sweel, A., Kough, R. H., and 
Lambertsen, C. J. (1953). J. Pharmacol., 108, 376. 

MacDonald, A. D. (1949). J. Pharm. and Pharmacol., 
1, 569. 

Macht, D. L, Hennan, N. B., and Levy, C. S. (1916). 
J. Pharmacol., 8, 1. 

Nathan, P. W. (1952). Brit. med. J., 2, 903. 

Prescott, F., Ransom, S. G., and Thorp, R. H. (1949), 
Lancet, 1, 340. 

Randall, L. O., and Lehmann, G. (1950). J. Pharmacol., 
99, 163. 

Schwartz, A. M., and Laslo, D. (1950). Science, 111, 
310. 

Scott, C. C., and Chen, K. K. (1946). J. Pharmacol., 
87, 63. 

Seevers, M. H., and Pfeiffer, C. C. (1936). J. Pharma- 
col., 66. 

Siker, E. S., Foldes, F. F., Neung-Man Pahk, and 
Swerdlow, M. (1954). Brit. J. Ainaesth., 26, 405. 

Slomka, M. B., Keasling, H. H., and Gross, E. G. 
(1951). J. Pharmacol., 101, 33. 

Wikler, A., Carter, R. L., Fraser, H. F., and Isbell. H. 
(1952). Fed. Proc., 11, 403. 

Wilson, W. M., and Hunter, R. B. (1948). Brit. med. J. 
2, 553. 

Wolff, H. G., Hardy, J. D., and Goodell, H. (1943). 
Res. Publ. Ass. nerv. ment. Dis., 23, 434. 

Yonkman, F. F. (1948). Ann. N.Y. Acad. Sci., 31, 59. 








Brit. 7. Anaesth. (1955), 27, 286 


THE CHEMICAL STRUCTURE AND NOMENCLATURE OF THE 
LOCAL ANAESTHETICS 


J. B. LLoyp 
Chief Pharmacist, Manchester Royal Infirmary 


THE present year marks the fiftieth anniversary of 
one of the major events in the history of anaes- 
thesia; namely the introduction of Novocaine, the 
first practical synthetic local anaesthetic. 

A few years earlier, Einhorn, its discoverer, had 
shown that the simple alkyl esters of para- 
aminobenzoic acid possessed some local anaes- 
thetic activity, but owing to their insolubility in 
water, they proved to be of limited value. An 
investigation of the dialkylaminoalkyl esters which 
form water-soluble salts, resulted in the synthesis 
of Novocaine which today, under its non-proprie- 
tary name “procaine”, is probably the most 
widely used of all the local anaesthetics. 

The procaine molecule is comparatively simple, 
and it is not surprising that many attempts have 
been made to modify it with the object of pro- 
ducing more efficient compounds. 


NH 
AN 1 ' 2 3 
we 


oe. a, 
H] 


C.H; 


Oo , Procaine C,H; 


Fic. 1 


The process can best be illustrated by dividing 
the molecule into three parts, the para-amino- 
benzoic acid residue, the alkylene chain, and the 
amino-alkyl group (marked 1, 2, and 3, in figure 1). 
In general, the duration of anaesthesia is increased 
either by lengthening the alkyl chain in the amino- 
alkyl group, or in the alkylene chain, or by substi- 
tuting in the para-amino group of the P.A.B.A. 
residue. Unfortunately increased potency is 
almost invariably accompanied by a rise in toxicity, 
and in practice each new anaesthetic in this series 
is inevitably the result of a compromise. 

It is obvious that the number of compounds it 
is possible to produce as a result of comparatively 


simple modifications of the procaine molecule, 
must run into thousands, but only a few have 
gained general acceptance for clinical use. Un- 
fortunately no class of compounds (with the 
possible exception of the sulphonamides) has been 
saddled with such a large variety of names, pro- 
prietary and otherwise, and it is sometimes 
extremely difficult, especially when reading foreign 
literature, to discover which particular substance 
is under discussion and what relationship it bears 
to other compounds in the series. The majority 
of local anaesthetics are esters of benzoic acid and 
its derivatives, and can be divided into three broad 
groups, i.e. 

(1) The simple alkyl esters, e.g. benzocaine. 

(2) The alkyl-aminoethyl esters, e.g. procaine. 

(3) The alkyl-aminopropy] esters, e.g. butacaine. 

In addition there are some which, because they 
are not derivatives of benzoic acid, do not fall into 
any of these groups. 

In tables I-IV, an attempt has been made to 
show concisely the chemical relationship between 
the members of each group, and to include most 
of the names by which they are known, particu- 
larly in Great Britain and the United States of 
America. Official names are printed in capitals 
but apart from this, proprietary and non-pro- 
prietary names have not been distinguished. The 
term “Official” has been somewhat liberally 
interpreted to mean the name used to designate 
the compound in the current edition of the British 
Pharmacopoeia (B.P.), the British Pharmaceutical 
Codex (B.P.C.), The United States Pharmacopoeia 
(U.S.P.), New and Non-Official Remedies 
(N.N.R.) or the (United States) National Formu- 
lary (N.F.—U.S.A.). The suffix B.P. (App.) 
indicates that the name has been chosen to describe 
the substance should it become the subject of a 
monograph in a subsequent edition of the British 
Pharmacopoeia. 
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The tables include most of the local anaesthetics 
in current use, together with some which may 
now be considered obsolescent. On the other hand 
a number of compounds which have been the 
subject of pharmacological reports have been ex- 
cluded because it has not been possible to trace 
any account of their clinical use. In tables I, II, 
and IV, the names in the first column are those 
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of the soluble salt in common use (normally the 
hydrochloride), but for the sake of brevity the 
structural formulae cited are those of the cation 
only. In the case of all compounds which are 
derivatives of benzoic acid, the basic formula is 
given at the head of each table, the conventional 
terms R, R,, R., etc., being used to indicate the 
substituent groups shown in the columns below. 


TABLE I 
Miscellaneous Compounds 
































Drug Structural formula 
a. tf 
Falicaine C;H;O« >—C—CH:—CH,—N¢ CH, 
ee este 
CH; 
LIGNOCAINE HYDROCHLORIDE, B.P.C. a + C3H, 
LIDOCAINE HYDROCHLORIDE, N.N.R. NH—C—CH,—N 
Xylocaine Hydrochloride CH, I C,H; 
> Game 
CINCHOCAINE HYDROCHLORIDE, B.P. ( N 
DIBUCAINE HYDROCHLORIDE, N.N.R. | | | #™% 
Nupercaine Percaine C,H; C:H; 
LAN 74 OCH 
N 
PHENACAINE HYDROCHLORIDE, + o 
N.F. (U.S.A.) C.H;0: NH—C=N OC.H; 
Holocaine Hydrochloride —— CH, iti 
aa — 
~ ct Rag iiag H.—O—C—NH¥’ 
Nini Il enon 
O CH, Oo 
| 
DIPERODON HYDROCHLORIDE, N.N.R. N+ 
Diothane 
- a 
CH, CH, 
CH: 
; hlorid _— + CH,.—CH,, 
presi H Z “s ~s ~“ C,H,0< O—CH,—CH,—CH.—N¢ 
ronothane Hydrochloride ar \ CH,—CH, 
Dimethisoquin Hydrochloride [ YY \—ca 
t N 
Quotane V4 CH, 





| 
O—CH,—CH,—N 
~ \cu, 








TABLE II 
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Alkyl-aminoethyl esters of benzoic acid and its derivatives 
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R; 





Drug 





PROCAINE HYDRO- 
CHLORIDE, B.P., U.S.P. 
Allocaine Ethocaine 
Genocaine Kerocaine 
Neocaine Novocaine 
Planocaine Sevicaine 
Syncaine 





HYDROXYPROCAINE HYDRO- 
CHLORIDE, B.P. (App.) 


Oxyprocaine Hydrochloride 





Chloroprocaine Hydrochloride 





Pravocaine Hydrochloride 
Ravocaine Hydrochloride 





BUTETHAMINE HYDRO- 
CHLORIDE, N.N.R. 


Monocaine Hydrochloride 





AMETHOCAINE HYDRO- 
CHLORIDE, B.P. 
rETRACAINE HYDRO. 
CHLORIDE, U.S.P. 
Anethaine Decicain 
Pontocaine Hydrochloride 
Butethanol Hydrochloride 





HYDROXYAMETHOCAINE HYDRO. 
CHLORIDE, B.P.(App.) 
Hydroxytetracaine Hydrochloride 
Rhenocain 





Diethoxin Hydrochloride 
Intracaine Hydrochloride 
Maxicaine Hydrochloride 





NAEPAINE HYDROCHLORIDE, 
N.N.R. 


Amylsine Hydrochloride 





Unacaine Hydrochloride 





Luce 
Pirie 
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TaBLeE II]—continued 





R, R, R; 





Lucaine Hydrochloride 
Piridocaine Hydrochloride 





HEXYLCAINE HYDROCHLORIDE, 
N.N.R. 
Cyclaine Hydrochloride 





Amylocaine Hydrochloride 


Stovaine 





Alypin Hydrochloride 
Amydricaine Hydrochloride 





Meprylcaine Hydrochloride 
Oracaine Hydrochloride 





TABLE III 


Alkyl esters of benzoic acid and its derivatives 








Drug 





BENZOCAINE, B.P., U.S.P. 


Anaesthesin 
Ethylaminobenzoate 





BUTYL 
AMINOBENZOATE, B.P 


Butamben — Butesin 
Planoform  Scuroform 





ORTHOCAINE, B.P. 


Orthoform 
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TABLE [IV 
Alkyl-aminopropyl esters of benzoic acid and its derivatives 
R, R, 
—— * 
ins —C—O—C—C—CH.—R 
oO R, R, 
Drug R R, R R, R, R, 
de /C2Hs; 
Larocaine NH, H H CH, CH, yn 
*C3H; 
a + ACH, 
a aine Hydrochloride NH. H CH H CH, N< 
utamin . 
‘CH, 
. ‘ +, ZC, Hy, 
BUTACAINE SULPHATE, B.P., U.S.P. NH. H H H H N< 
Butyn ‘C,H, 
/CH:—CH,, 
PIPEROCAINE HYDROCHLORIDE, i ‘ ’ SCH 
\ A 2 
B.P. (App)., U.S.P. H H H H H \CH — CH.” 
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AN OPERATION FOR THE DIABETIC? 
BY 


P. A. FOSTER AND B. G. FRANCIS 
Department of Anaesthesia, University of Liverpool 


Ir is strange that such a diversity of views should 
exist regarding the common problem of the 
diabetic who must undergo surgery. A multitude 
of opinions is expressed in the literature on the 
subject, many of them empirical, so that the reader 
who delves therein for knowledge often derives 
only a sense of confusion. 

Despite this, surgery and diabetes are no longer 
the hazardous combination of twenty years ago; 
perhaps this is a compliment to the physician 
specialist who manages to retain at least biochemi- 
cal control of his patient during the ministrations 
of anaesthetist and surgeon. However, it is surely 
in keeping with the modern status of the anaes- 
thetist that he should be competent to undertake 
the care of such patients during that period in time 
of which the operation may be the brief climax, 
but which is nevertheless intimately linked with 
the more taxing phases of pre-operative and post- 
operative management. 

We have therefore here attempted a simple and 
rational approach to this subject, hoping that it 
may be of guidance at least to our junior colleagues 
whose experience in such problems, whether 
theoretically presented, or in practice, is limited. 
Accordingly, we have thought it proper to be 
dogmatic about certain things, and to repeat others, 
in order to emphasize the important points of the 
skeleton of our argument. 


PHYSIOLOGY 


A basic understanding of the factors concerned 
with carbohydrate metabolism and the mainte- 
nance of the blood sugar level is essential to this 
discussion (Best and Taylor, 1950; Wright, 1952). 

The normal blood sugar level is maintained by 
a balance between the activity of insulin and anti- 
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insulin substances, in the presence of adequate 
liver glycogen stores. 

The normal fasting blood sugar level is in the 
region of 100 mg per cent. Symptoms of hypo- 
glycaemia may be expected when this level drops 
to about 50 mg per cent. A rise to the region of 
200 mg per cent may be considered hypergly- 
caemia, and will result in the appearance of glucose 
in the urine, since the renal threshold for this 
substance is 180 mg per cent. Lowering of this 
threshold may result in glycosuria in a non- 
diabetic individual. 

Control of insulin secretion. 

Two controls over insulin production are recog- 
nized. 

(1) A direct humoral effect of the blood sugar 
level on the pancreas. 

(2) Rich vagal innervation may produce insulin 
secretion from the pancreas in response to hypo- 
thalamic stimulus. The right vagus is said to be 
chiefly concerned, and the effect can be abolished 
by gr 1/50 (1.3 mg) of atropine or vagotomy 
(Portis, 1950). 


Insulin lowers the blood sugar level by 
(1) Increased withdrawal of glucose from the 
blood through: 
(a) increased glycogen formation from glucose, 
(b) increased utilization of glucose by the body. 
(c) increased conversion of glucose to fat. 
(2) Decreased production of glucose for the 
blood by: 
(a) decreased glucose formation from non- 
carbohydrate precursors, 
(b) a possible decrease of glucose formation 
from glycogen. 
Insulin promotes glucose metabolism, whether 
towards gylcogen formation, or for energy produc- 
tion. 
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Insulin antagonists. 

Under this heading are also included substances 
that have an opposing metabolic effect without 
being true antagonists. 

(1) Anterior pituitary. The growth hormone 
has recently been shown to play a major part in 
the production of diabetes mellitus (Best and 
Taylor, 1950; Hubble, 1955). Other hormones 
liberated from this organ may have a similar effect 
by virtue of their stimulation of the adrenal cortex 
or thyroid gland. 

(2) In the posterior pituitary, pitressin is cap- 
able of raising blood sugar level by mobilization of 
glycogen to glucose (Best and Taylor, 1950; 
Warkentin and Lange, 1948). 

(3) Adrenal cortical hormones are well-known 
producers of hyperglycaemia; it is well recognized 
that this is one of the complications of cortisone 
or A.C.T.H. therapy. 

(4) Adrenal medulla may liberate adrenaline 
which has an action similar to pitressin. 

(5) Thyroid. The thyrotoxic patient is resistant 
to insulin; perhaps this is related to the similarity 
in chemical structure and function of thyroxin to 
adrenaline. 

(6) Pancreas. The alpha cells of the pancreas 
are said to produce a substance “Glucagon” which 
is responsible for a transient hyperglycaemic res- 
ponse following injection of some types of insulin, 
which has been recognized for years (Best and 
Taylor, 1950; De Duve, 1953). (It is the beta 
cells of the pancreas that elaborate insulin.) 


Insulin resistance. 

Such a condition may be seen with the over- 
activity of any of the above hormonal factors that 
oppose insulin action. It also appears with liver 
damage where a poor response to insulin may 
reflect a wider disturbance of carbohydrate meta- 
bolism, possibly accompanied by low blood gluta- 
thione levels and interference of associated enzyme 
systems containing thiol (—SH) radicles (Butter- 
field, 1955), such as is seen with chloroform 
poisoning (Harris, 1951). Failure of the damaged 
liver to metabolize A.C.T.H. or steroid hormones 
(Bayliss, 1955) may also account for the decreased 
insulin response. 

Important factors under this heading include: 

(1) Active endocrine tumours of the anterior 
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pituitary, adrenal cortex, thyroid gland, and 
phaeochromocytoma. 

(2) As a response to stress which will be dis- 
cussed below. 

(3) Patients treated with A.C.T.H. and corti- 
sone. 

(4) Burns produce insulin resistance in both 
normal and diabetic subjects. Infections may have 
a similar effect. 

(5) Pregnancy is associated with complex altera- 
tions in the maternal hormones, and with placental 
production of anterior pituitary and adrenocortical 
like hormones, all of which may produce insulin 
refractoriness (Bayliss, 1955). Chorionic gonado- 
trophin may oppose these actions (Simeons, 1954). 

(6) Anaesthetic agents and the technique of 
their administration may evoke both a sympathetic 
stimulus with adrenaline secretion, and an adreno- 
cortical response (Johnson, 1949; Selye, 1950). 


Insulin Sensitivity. 

(1) Deficient function of the anterior pituitary 
and Addison’s disease. 

(2) During certain phases of the response to 
stress. 

(3) Patients from whom A.C.T.H. or cortisone 
therapy has been withdrawn within the pre- 
ceding year may not be able to produce an 
adequate response to stress and exhibit a state of 
adrenal hypofunction similar to Addison’s disease 
(Laidlaw, 1953). 


Response to stress (Bayliss, 1955; Selye, 1950). 

This is a most important consideration when 
predicting the likely reactions of a diabetic under- 
going surgery. The subject is complex and not 
clearly elucidated, so that full discussion of it is 
not intended here. 

The reaction to stress, or the “ General Adap- 
tion Syndrome” of Selye, is postulated as a 
normal generalized response of the body to a 
wide variety of psychical and physical stimuli. The 
nature of the response is such that the body is 
better adapted to resist the harmful effects of these 
stimuli. Basically, the adaptive changes produced 
are the result of anterior pituitary and adreno- 
cortical activity, but the precise nature of these 
changes depends on the specific action of the stress 
agent added to the body’s reaction to it. 
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Variation is also noted between the effect of a 
single brief stress, and a long continued one, such 
as surgery may afford. 

Many of the most potent agents to evoke this 
reaction also render the diabetic unstable. 


Selye describes three phases applicable to the 
present discussion. 


Alarm Reaction. The immediate reaction of 
the body to injury or stress during which there 
is first a transient rise of blood sugar produced 
by liberation of adrenaline, followed by a tendency 
towards hypoglycaemia and insulin sensitivity, 
accompanied by alteration in plasma electrolytes 
and the commencement of increased adrenocorti- 
cal activity. It may last up to 24 hours. 


Phase of Resistance. There is established a 
raised level of adrenocortical activity during 
which hyperglycaemia with insulin resistance is 
seen. This phase may last several weeks. 


Phase of Exhaustion. This is the result of pro- 
longed over-exposure to stimuli to which adaption 
has developed, but which the body cannot main- 
tain. The adrenal cortex fails, blood sugar level 
falls, insulin sensitivity increases, and haemor- 
rhagic states may occur. 

This usual pattern of response depends on: 

(a) adequate protein and carbohydrate nutrition, 

(b) normal adrenal cortical tissue, 

(c) an adequate stimulus. 

It is somewhat modified by the augmented 
glucose requirements produced by stress. 

Diabetes therefore tends to be made worse by 
all the stresses associated with surgery. To be 
anticipated are: 

(a) immediate brief blood sugar rise due to 
sympathetic stimulation, 

a delayed prolonged rise promoted by 
adrenocortical activity of the phase of 
resistance, 

(c) im certain instances the disease may be 
precipitated or permanently. aggravated. 
Animal experiments suggest that such 
“traumatic diabetes” may result from 
hormonal damage to the insulin secreting 
cells of the pancreas (Best and Taylor, 
1950; Selye, 1950), which may be pre- 
vented by exogenous insulin. 


(b) 





PATHOLOGY 


The effect of hypoglycaemia. 

There are two distinct groups of effects noted: 

(1) Effect on the C.N.S. The only available 
source of energy for metabolism for the C.N.S. is 
glucose, so that the first signs noted are those of 
C.N.S. irritability, later followed by depression. 
It must be emphasized that permanent brain 
damage results from prolonged hypoglycaemia. 

(2) Effects of adrenaline secretion (Cannon, 
McIver and Bliss, 1924). In keeping with its 
general role in body emergencies, adrenaline raises 
the blood sugar by glycogen mobilization, consti- 
tuting the immediate attempt to correct insulin 
overactivity. The other side effects of adrenaline 
are also seen: pallor and vasoconstriction, sweat- 
ing, tachycardia, pilomotor erection, dilation of 
pupil. 

Hypoglycaemia is thus a potent stimulus for the 
liberation of endogenous adrenaline and may be 
dangerous with cyclopropane or trichlorethylene. 


The effects of hyperglycaena and ketosis. 

It is the existence of this combination in the 
uncontrolled diabetic that leads to diabetic coma. 

(1) The ketone body, aceto-acetic acid, is toxic. 

(2) Lowering of blood pH is produced by 
acidic ketones. 

(3) Hyperglycaemia interferes with the body’s 
osmotic control. 

(4) Water and electrolyte loss accompany the 
polyuria needed to carry the excess glucose in the 
urine. This type of urine is pale, appears dilute, 
but is of very high specific gravity. 

(5) Renal failure that may lead to uraemia is 
the late result of the combination of water loss, 
toxic effects, and the body’s over-riding need to 
preserve normal osmotic pressures. 

Besides the classical features of thirst, hunger. 
and polyuria, seen in classical diabetic ketosis. 
must also be borne in mind the vomiting and 
abdominal pain simulating an acute abdomen 
(Nabarro, 1955). 


Diabetes mellitus is a condition of uncertain, 
probably multiple aetiology, characterized by a 
diminished secretion or decreased effectiveness of 
insulin, presenting a syndrome of : 

Persistent hyperglycaemia, glycosuria, depletion 
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of body glycogen and increased gluconeogenesis 
from non-carbohydrate sources. 

In addition, ketosis is a frequent feature, signi- 
fying an abnormal increase in fat metabolism to 
compensate for the poor carbohydrate utilization 
that always accompanies insulin lack. It must be 
remembered that ketosis also occurs during star- 
vation and therefore after prolonged anorexia or 
vomiting, seen in some surgical emergencies. 

The incidence of diabetes may amount to 1—2 
per cent of a well fed society. An hereditary factor 
is present in 25 per cent of cases, and the Jewish 
race is said to be most prone to the illness. It is a 
disease of later life, affecting males and females 
almost equally. Starvation seems to be the best 
insurance against it (Merck Manual, 1950; Selye, 
1950). 

The treatment of diabetes mellitus entails: 

(1) Reduction of the blood sugar level to normal 
by the use of diet or insulin. Older patients may 
have become accustomed to their higher blood 
levels, and a reduction to “ normal ” levels will in 
them produce signs of hypoglycaemia. 

(2) Restore the liver glycogen, and improve 
liver function. 

(3) Restore normal fluid and electrolyte balance. 

(4) Avoid diabetic ketosis, which can itself act 
as a stress agent, and tend to make the patient 
insulin resistant. 

It is important to recognize that the twin hazards 
of hypoglycaemia and hyperglycaemia may become 
irreversible unless treated early and vigorously. 


Effects of insulin injection. 

A subcutaneous dose of insulin will produce a 
fall of blood sugar within 2 hours, reach its peak 
in 4 hours, and substantially decline by 6 hours. 
Thus 4-hourly administration of small doses of 
insulin will maintain a fairly uniform level of 
activity. 

Intravenously, insulin will produce a response 
within half an hour. 


Biochemical tests used in diabetic control. 


These fall into two groups: 

(@) Those on urine, which are dependent on 
proper renal function, and therefore may be mis- 
leading through the delay between the secretion 
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of urine and its voiding from the bladder. With 
dehydration and renal failure, these tests are 
unreliable. 

(6b) Those on blood. They take longer to per- 
form, but give an absolute picture of the metabolic 
state. 


Tests of special use are: 

(1) Urine tests. 

(a) Urine sugar. Benedict’s test, or the use of 
“ Clinitest ” tablets, offers a reliable test for the 
reducing substances in the urine, of which glucose 
is the chief. These tests offer a roughly quantita- 
tive guide to the urine sugar concentration. 

(b) Urine ketones. Rothera’s test is the most 
important and reliable single test, or its recent 
modification in “ Acetest” tablets. It is a very 
sensitive test, a weak positive reaction being of 
little significance. But a strongly positive response 
indicates a severe degree of ketosis, unless oliguria 
interferes with excretion of these substances. 


(2) Blood tests. 

(a) Blood sugar. This is the most important 
single test. Laboratory requirements are for 3 ml 
of venous blood for the macro-method, collected 
in an oxalate tube, or for 0.1 ml of capillary blood 
(needle prick) collected in a centrifuge tube for 
the micro-method (Warkentin and Lange, 1948). 

(b) Plasma ketones. Using a modified Rothera’s 
powder (Dumm and Shipley, 1946) this test is 
roughly quantitative, and can be performed easily 
with the minimum of equipment. It has recently 
been recommended as a valuable substitute for 
blood sugar estimation, where facilities for this 
are unavailable (Leading Article, Lancet, 1955).* 


| These other tests are 
more complex in per- 
formance and inter- 

- pretation, being used 
to supplement the 
above routine tests 
where necessary. 


(c) Plasma Bicarbonate 
(d) Plasma Sodium 

(e) Plasma Chloride 
(f) Plasma Potassium 





(g) Glucose Tolerance Test. This test is mainly 
used in establishing the diagnosis of diabetes on 
the criteria of an abnormally high fasting blood 
sugar level, and its abnormal rise following a 
standard carbohydrate meal. 


* Vide addendum p. 301. 
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THE ANAESTHETIC APPROACH TO THE PROBLEM 


Problems involved 

(1) The problem confronting the anaesthetist 
may be summed up as: 

(a) Establish pre-operative control of carbo- 
hydrate, water, and electrolyte metabolism. 

(b) Maintain this control throughout the period 
of anaesthesia. 

(c) Avoid the particular dangers of the post- 
operative period. 

Additional specific features require considera- 
tion : 

(2) Stress factors will cause a tendency to 
hyperglycaemia. These are: infections, physical 
exercise and trauma, blood loss, anoxia, hyper- 
capnia, extremes of heat and cold, operation and 
anaesthetic agents. Adrenaline secretion may also 
be a stressor. 

(3) An acute surgical emergency may cause a 
previously well controlled diabetic to become 
uncontrolled. Both hypoglycaemia and hypergly- 
caemia may be possible. 

(4) The main immediate postoperative compli- 
cation is hypoglycaemia. Reasons for this include: 

(a) Difficulty in maintaining adequate nutrition 
by means of intravenous fluids only. 

(b) Inadequate cover of pre-operative insulin 
with glucose. 

(c) Exhaustion of liver glycogen stores. 

(d) The insulin sensitivity of the 
reaction. 

(e) Removal of the cause of a previously high 
insulin requirement, for instance after obstetrical 
delivery. 


alarm 


When undertaking the anaesthetic for any 
operation, it is important to consider firstly, 
whether the need for the operation is urgent. or 
whether it can be postponed to allow pre-operative 
stabilization in hospital. In all cases, the severity 
of the operation must be considered in relation- 
ship to the severity of the diabetes, and the various 
situations facing the anaesthetist may be classi- 
fied as follows: 

(a) Short minor procedures. 

(b) The controlled diabetic undergoing elec- 
tive operation. 

(c) The uncontrolled diabetic for elective 
operation. 
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(d) The controlled diabetic undergoing emer- 
gency operation. 

(e) The uncontrolled diabetic for emergency 
operation. 


Types of Patients Involved. 

There are two basic types of diabetic patients 
(Nabarro, 1955). 

(1) Those who do not secrete insulin. These 
are insulin responsive, have a marked tendency 
to ketosis because their insulin lack leads to 
poor carbohydrate utilization. They are often 
children or non-obese young adults. 

(2) Those who secrete insulin in approximately 
normal amounts. Their insulin secretion gives a 
large measure of protection from ketosis, but the 
presence of high levels of insulin antagonists 
makes them insulin resistant. The older over- 
weight adult tends to belong to this group. 

(3) All older diabetics have a special tendency 
towards vascular disease, including: 

Hypertension and renal pathology, peripheral 
vascular occlusion, coronary insufficiency, and 
cerebral and retinal vascular pathology. 

(4) Certain diseases characteristically compli- 
cate diabetes, notably: 

Pulmonary tuberculosis and thyrotoxicosis. 

(5) The diabetic mother presents a special 
problem that will be discussed below. 

Consideration of these factors suggests the broad 
principles of choosing agents that do not cause 
hyperglycaemia in the young, and the avoidance of 
hypotension in the old. 

In dealing with older diabetics it is wise to 
remember that when the blood supply to an 
organ is impaired, its damage is more likely to 
result from: 

Anoxia, hypotension, 
vasoconstriction. 


hypoglycaemia, and 


Pre-anaesthetic Preparation 


(1) A full general examination must be made 
to assess the effect of the disease on: 

The cardiovascular system centrally and peri- 
pherally. 

Nutritional state, with reference to deficiency 
states, protein and carbohydrate lack, that may 
alter response to anaesthetic agents. 

Renal function. 
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In addition, the presence of minor infections 
must be recognized. These may: (a) Flair up; 
(b) Render the disease uncontrolled. 

(2) Ensure correct fluid and electrolyte balance. 

(3) Stabilize the diabetes. 


Fluid and electrolyte balance. 

In correcting fluid and electrolyte imbalance, 
assessment is made under two headings: 

(a) Caused by the complicating disease for 
which surgery is proposed. The usual principles 
of treatment of diarrhoea, vomiting, and blood loss 
will apply here. 

(b) Caused by the diabetic state. Almost 
inevitably will this be due to hyperglycaemic 
ketosis, resulting in the following remedial 
derangements of both extracellular and intracellu- 
lar fluids : 

i. Water loss. 

ii. Loss of sodium in excess of chloride. 

iii. Acidosis from ketone bodies. 

iv. Potassium depletion. 

Correction of the first two factors is best accom- 
plished by intravenous saline-lactate solution 
(Nabarro et al., 1952) containing sodium chloride 
5.85 g, sodium lactate 3.36 g in 1 litre, giving a 
ratio of sodium to chloride ions of 1.3:1, and a 
predominance of sodium ions, since the lactate is 
metabolized. 

If use of this type of infusion fails to restore 
the blood pressure, blood volume. and renal 
function, the use of hypertonic plasma, or, this 
failing, of a noradrenaline drip, has been recom- 
mended (Leading Article, Lancet, 1955). 

The ketone acidosis is partly corrected by the 
administration of the excess sodium ions, and by 
the administration of insulin which decreases 
ketone production. 

When the blood sugar and plasma ketone levels 
show a reduction under the influence of insulin, 
and in the presence of an adequate urinary flow. 
it becomes desirable to add potassium to the intra- 
venous fluids to avoid the danger of hypokalaemia 
on the heart. Plasma potassium, already depleted, 
tends to move into the cells during the accumula- 
tion of intracellular glycogen produced by insulin. 
Potassium should be given slowly in a concentra- 
tion of about 30 m.equiv/1., for instance, in a 
glucose electrolyte solution (Leading Article, 
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Lancet, 1955). Whilst the administration of potas- 
sium is safer by mouth, this is obviously undesir- 
able immediately pre-operatively. 

The problem of when to administer glucose in 
treating the diabetic state depends largely on the 
laboratory facilities available. 

Where frequent serial tests enable the fall of 
blood sugar in response in insulin to be fol- 
lowed, it is undesirable to infuse glucose until 
the blood sugar level approaches normal, or falls 
below the renal threshold. Before this, it will 
merely contribute to the electrolyte loss accom- 
panying its loss as glycosuria (Leading article, 
Lancet, 1955). 

However, where such tests are not possible, 
there is a very real danger that the rapid transit 
from hyperglycaemia to hypoglycaemia may not 
be detected, with the patient, on occasion, passing 
from diabetic coma to hypoglycaemic coma un- 
beknown. Glucose infusion, given from the 
beginning of insulin therapy. will prevent this. 
It is in these circumstances that the modified 
Rothera’s test for plasma ketones finds import- 
ant clinical application, as the disappearance of 
plasma ketones indicates a change from insulin 
resistance to insulin sensitivity, that a blood sugar 
response is taking place, and the need for glucose 
infusion (Leading article, Lancet, 1955). 


Stabilisation of the Diabetes. 

(1) All patients are put on to soluble insulin in 
place of the longer acting insulins. Although not 
universally practised, this would seem a logical 
primary step to take in establishing diabetic con- 
trol. By giving small doses every four or six hours, 
a more precise control can be established under 
the rapidly changing body conditions associated 
with emotional upset, surgical trauma, and the 
effects of anaesthetic drugs and of general adapta- 
tion to stress. 

Igeally, the period of pre-operative control 
should be at least two, preferably three days. 
This allows the residual action of the long acting 
insulins, such as protamine zinc insulin (P.Z.I.) 
or insulin ultra-lente to be eliminated, and gives 
time to establish the needs of soluble insulin. 
The dose of soluble insulin will be roughly the 
same as that of P.Z.I. or other long acting form 
previously used to control the disease. 
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Administration is generally twice or three times 
daily to coincide with meals. Urine tests are done 
before each meal (and dose); upon the urinalysis 
depends the subsequent insulin dose. If the 
“ Clinitest ” reading shows 2 per cent or more of 
glucose, it is an indication to increase insulin dose 
or to decrease diet: if it falls to 0.5 per cent or 
less it is an indication to decrease insulin or in- 
crease carbohydrate. 

(2) Build up glycogen stores in the liver. This 
is especially important in patients who have been 
controlled by dietary restriction alone, as well as 
following hyperglycaemia. This renders the liver 
more able to withstand the toxic effects of any 
drugs used later, and provides it a reserve to draw 
upon if diet is later inadequate. 

Recommended requirements are for carbohy- 
drate between 30-50 cal/kg body weight/day. 
and of protein about 2 g/kg body weight/day 
(Warkentin et al., 1948). 

(3) Eliminate treatment given concomitantly 
with sympatholytic and adrenolytic drugs, such 
as tolazoline (Priscol) (Rogers, 1949; Sasson, 
1951), phentolamine (Rogitine) (Trapold, War- 
ren, and Woodbury, 1950), or lysergic acid 
(ergot) derivatives (Watts and Morgantown, 
1954), and of the ganglion blocking agent hexa- 
methonium (Griffiths, 1953). 

These drugs interfere with the normal blood 
sugar response to stress and to adrenaline, and 
may tend to render their user insulin sensitive, 
especially in the presence of infection. Their use 
as vasodilators and hypotensive agents makes it 
advisable that all older diabetics should be ques- 
tioned as to their use. 

Chlorpromazine does not interfere with this 
action of adrenaline, but may interfere with the 
response to stress. 


Pre-anaesthetic Administration of Glucose and 
Insulin. 

Remember the adage “ Diabetics and Thyroids 
come first on the operation list”. The operation 
is preferabl: done in the morning. 

If the operation contemplated is not expected 
to interfere greatly with the patient’s food intake, 
the normal pre-breakfast or pre-luncheon insulin 
may be given with a suitable dose of glucose. 

Where the operation will interfere with post- 
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operative feeding, it is probably advisable to 
commence a routine of 1/6th of the total 24 hour 
dose of insulin given every four hours. Glucose 
intake is adjusted to these doses, and suitable 
biochemical tests help to maintain control. 

Thus the insulin dose given pre-operatively 
will be based on: (a) The patient’s normal daily 
requirement; (b) An additional dose based on con- 
sideration of : 

(i) The anaesthetic agents used, if they tend 

to raise the blood sugar level (Evans, 
1954). 

(ii) The duration and degree of trauma associ- 
ated with the operation. Trauma should 
be assessed on such factors as blood loss, 
tissue damage, splanchnic stimulation, 
and on negative factors such as the removal 
of a gangrenous appendix. 

Under normal circumstances it is said that 1 
unit of insulin is required to metabolize 2 g of 
glucose. The recommendation is here made that 
in this case, glucose should be given in doses of 
4-5 g per unit to cover possible variation in 
insulin response during and immediately after 
operation. 

Therefore the pre-operative dose of insulin is 
covered by glucose based on this ratio. The 
glucose should never be given by mouth (Morton 
and Wylie, 1951). By far the commonest cause 
of death of diabetics under anaesthesia is regur- 
gitation and aspiration of pre-operative glucose 
orally administered (Committee Report, 1952). 

The glucose is given as an intravenous drip of 
a 5 per cent or 10 per cent solution. Since the 
effect of the insulin lasts about 4-6 hours, the 
glucose drip should cover the same period of time. 


Indications and Contra-indications to Surgery. 

(1) Minor procedures. Little special prepara- 
tion may be needed where disturbance of con- 
sciousness is minimal, and trauma brief and of 
low intensity. The full response to stress may not 
be elicited. 

(2) The controlled diabetic is a suitable candi- 
date for elective surgery. 

(3) The uncontrolled diabetic must never be 
subject to the needless risk of an elective opera- 
tion. The procedure should be postponed until 
control is regained. 
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(4) The controlled diabetic requiring emer- 
gency surgery may present a difficult problem; 
although nominally under control, such a patient 
may be rendered uncontrolled by the surgical 
emergency. He may have omitted to take insulin, 
or having taken insulin been unable to take food. 
Vomiting and diarrhoea interfere with nutrition 
and electrolyte balance. Acute infections, severe 
trauma and blood loss all act as stressors. Thus 
the picture may be complicated by hyperglycaemia 
or hypoglycaemia, of which the latter may be more 
immediately dangerous. 

(5) The uncontrolled diabetic requiring emer- 
gency surgery may be considered under two 
heads : 


The uncontrolled diabetic is hyperglycaemic. 

(a) Hyperglycaemia without ketosis—such 
patients are not liable to go into coma. 

Treatment suggested is: 

i. Give 30-50 units insulin by subcutaneous 
injection. 

ii. Cover with glucose 5 g per unit by intra- 
venous drip. 

iii. Correct fluid and electrolyte losses. 

(b) Hyperglycaemia with ketosis—such patients 
are liable to go into coma. 

Such patients must be considered to have a full 
stomach if they complain of nausea, vomiting, or 
are in coma. 

Treatment suggested is: 

i. Give 50-100 units insulin subcutaneously, 
or intravenously, repeated if necessary later, 
according to the route of administration. 

ii. Cover with glucose 5 g per unit by intra- 
venous drip. 

iii. Correct fluid and electrolyte losses. Whether 

to give or withhold intravenous potassium is 
a difficult question to answer; risk is 
attached to either course of action which 
may be increased by anaesthetic drugs. The 
reader is referred to fuller works on the 
principles and toxic signs of potassium 
administration. 

In the ketotic patient, the operation should be 
delayed, if possible until ketones disappear from 
the blood or urine, the anaesthetist balancing the 
improvements gained thereby against the risks of 


surgical delay. 
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In both cases, cessation of previous polyuria 
under treatment indicates a fall in blood sugar 
level (Nabarro, 1955). 

These principles of treatment have been formu- 
lated on the assumption that it will be impossible 
to carry out biochemical tests on blood sugar and 
electrolytes, and that the minimum of expert 
assistance will be available. 


Premedication. 

The usual agents can be used, as long as they 
are not used in excess to produce respiratory de- 
pression (Graham, 1945). Certain specific fea- 
tures are worthy of note. 

Barbiturates. An unpredictable pattern of the 
glucose tolerance test is observed in nearly all 
patients who have received barbiturate sedation 
over a period of time (Merrivale and Hunter, 
1954). Barbiturates are also said to modify the 
hyperglycaemia produced by ether (Bass, Watts 
and Chase, 1953). 

Morphine, despite its depressant effect on the 
central nervous system may raise blood sugar and 
can act as a stressor (Selye, 1950), but the action 
is probably negligible when compared to that of 
the operation it precedes. 

Atropine has been shown by several workers to 
block insulin secretion produced by vagal stimula- 
tion (Portis, 1950; Portis and Zitman, 1943). 
Consideration of this factor may be important in 
insulin secreting diabetics. 


Anaesthetic Techniques—Choice of Anaesthetic 

Once the patient is unconscious, it may be diffi- 
cult to tell (a) whether hypoglycaemia is com- 
mencing, or (b) whether delay in return to con- 
sciousness postoperatively is due to the disease or 
to the agent used. 


(1) Techniques during which consciousness is 
maintained. 

These are: Spinal analgesia, caudal and epidural 
analgesia, regional nerve blocks, local infiltration 
of analgesics, and refrigeration analgesia for limb 
surgery. 

The first two techniques may raise blood sugar. 
especially if amphetamine-like vasopressors are 
used (Bayliss, 1955), or high abdominal operations 
are attempted (Bromage, 1954). 
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Spinal analgesia has fallen into disfavour in this 
country, although its restricted use may still be 
indicated (Thorn, 1954). One such use is in 
surgery of the leg in gangrene, where the vaso- 
dilatation accompanying analgesia indicates to the 
surgeon the full circulatory capacity of his skin 
flaps and tissues at the level chosen for amputation. 
Similar results can be achieved by more time 
consuming epidural or caudal techniques without 
the risk of permanent nerve damage. The danger 
common to all is hypotension. 

There are few superficial regions of the body 
that cannot be anaesthetized with an adequate 
knowledge of their nerve supply. The limitation 
of such techniques is that they are often unsuitable 
for analgesia within body cavities unless auto- 
nomic block is added, with the danger of hypo- 
tension. 

Local infiltration has a limited use; the diabetic 
has a poor resistance to infection so that scrupu- 
lous aseptic precautions must be observed. 
Adrenaline must be used with extreme care in 
regions of poor blood supply or end arteries. 


(2) General Anaesthesia. 


It is thought desirable to use agents and tech- 
niques for diabetics that cause minimal rises in 
blood sugar—a rise not regarded as undesirable in 
the normal patient. 

It is probably not sufficiently emphasized that 
the method of induction of anaesthesia may have 
almost as much influence on blood sugar levels as 
the agent used (Griffiths, 1953). A prolonged 
stormy induction may lead to considerable 
secretion of adrenaline and anoxia, both of which 
can cause a marked rise in blood sugar. 

In general, an anaesthetic agent’s effect on the 
blood sugar level is proportional to its sympatho- 
mimetic activity (Banerji and Reid, 1933; John- 
son, 1949). All general anaesthetics may also act 
as stressors. 

Although chloroform may not produce a greater 
rise of blood sugar than ether, it has additional 
toxic actions on the liver, causing a breakdown of 
carbohydrate, protein, and fat metabolism, and on 
the beta cells of the pancreas, interfering with 
insulin production (Gould, 1954; Harris, 1951). 
For these reasons chloroform is absolutely contra- 
indicated. Bromethol is said to have a similar 
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toxic action on the liver, and is not recommended 
(Graham, 1945). 

The ethers are marked sympathomimetics 
which may produce a rise of 200-300 per cent in 
blood sugar concentrations (Lee, 1953). They are 
seldom preferred, and would be regarded as 
contra-indicated by most authorities. 

Cyclopropane produces a lower and more 
transient rise of blood sugar (Pratt, 1938; Robbins, 
1940). It is also more rapidly eliminated, with 
quicker return to consciousness. 

Vomiting is frequent following these agents. 
This interferes with postoperative management. 
Urine secretion may be suppressed, resulting in 
interference in osmotic regulation—an important 
function in hyperglycaemia. 

Thiopentone induction with nitrous oxide and 
oxygen (Robbins, 1940) supplemented with mini- 
mal trichiorethylene, pethidine, or relaxants is 
probably the method least disturbing from the 
blood sugar angle for almost all procedures, pro- 
vided that: (a) severe falls of blood pressure are 
avoided, especially liable during the induction with 
thiopentone; (b) anoxia and carbon dioxide reten- 
tion are at all times avoided; and (c) adequate 
depth of anaesthesia is maintained to prevent 
sympathetic stimulation (sweating, pallor etc.). 

Thiopentone anaesthesia alone, using a large 
dose of the drug (1.3 g) has been said to produce 
a slight transient rise of blood sugar. Recent 
opinion, however, suggests that no significant 
change occurs (Griffiths, 1953; Sessoms, Watts, 
Chase and Andrews, 1955). However, this drug 
appears to interfere with the deposition of glyco- 
gen from glucose given as an intravenous drip. 
Insulin overcomes this (Dundee, in press). It 
would seem advisable to rely on this thiobarbitu- 
rate only for induction purposes. 

Such techniques will not suppress a certain rise 
in blood sugar in upper abdominal operations 
which results from splanchnic stimulation (Grif- 
fiths, 1953). High spinal analgesia to T4 can 
prevent this (Johnson, 1949), but is probably not 
the safer procedure. 

A further advantage of nitrous oxide is that it 
does not mask the smell of ketones which may 
appear during prolonged anaesthesia. 

It is of interest that the use of some sympa- 
tholytic drugs, e.g. hydergine (Watts et al., 1954). 
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and of thiopentone induction (Bass et al., 1953) 
will greatly reduce the blood sugar response pro- 
duced by ether. 

Hypotensive techniques using hexamethonium 
cause increased insulin sensitivity, and must there- 
fore be used with circumspection (Griffiths, 1953) 
only in the absence of cardiovascular defects. 

At the end of the operation a blood sugar 
specimen should be taken and sent for immediate 
estimation of sugar and ketones. 


SPECIAL ANAESTHETIC CONSIDERATIONS 


(1) Diabetes and Pregnancy (Peel, 1955). 

Insulin requirements are constant in the first 
three months, but increase steadily during the 
last three months before term. In addition, renal 
glycosuria may not infrequently appear at the 
16th-20th week. 

During delivery there is a fall in insulin require- 
ment, which becomes very marked during the 
puerperium and may persist for weeks or months. 
Unless insulin dosage is reduced, serious post- 
partum hypoglycaemia may supervene. 

The pregnant mother also presents a further 
problem; low fertility and high foetal mortality 
make her infant precious. Modern opinion is 
coming to accept that delivery should be by elec- 
tive caesarean section at the 36th week, thus avoid- 
ing the twin hazards of wresting an overweight 
child from the vagina, and of late intra-uterine 
death. Safety for the child is the prime considera- 
tion, thus it is recommended that general anaes- 
thesia should be avoided (Marshall, 1955). Spinal, 
or caudal analgesia are preferable, and in addition 
a simple technique using local analgesia has been 
found effective, using (Marshall, 1955): 

(a) Subcutaneous lower abdominal wall infiltra- 
tion in the midline down to the rectus sheath 
which is then exposed. 

(b) About 40 ml of anaesthetic solution is infil- 
trated beneath each anterior rectus sheath towards 
the medial border. The solution tracks round to 
the posterior surface and on to the transversalis 
fascia. 

(c) Additional infiltration is made down into 
the Cave of Retzius. 

The large uterus impedes respiration, and makes 
the spread of intrathecal drugs unpredictable, so 
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that spinal analgesia should only be attempted by 
the expert. Caudal analgesia is safer, but has a 
high failure rate. 

Congenital deformity may in part account for 
the high neonatal mortality. The idea that it was 
due to hypoglycaemia is no longer favoured, 
especially since the normal infant may have a blood 
sugar level as low as 20-30 mg per cent in the 
first three days of life (Warkentin and Lange, 
1948). Indeed, rather than giving these infants 
glucose by mouth, aspiration of all gastric contents 
should be practised. The stomach contents of 
caesarean section babies is on an average ten times 
greater than that of babies born by vaginal 
delivery. Regurgitation and aspiration of this 
content accounts for a high proportion of deaths 
(Peel, 1955). 


(2) Diabetes and the Burned Patient. 


The burned patient, whether normal or diabetic, - 


has a very marked tendency to develop prolonged 
hyperglycaemia and insulin resistance, lasting 
several weeks (Butterfield, 1955). The exhaustion 
phase of the general adaption syndrome may also 
supervene. 


RECOGNITION OF DIABETIC COMPLICATIONS 
DURING ANAESTHESIA 

(1) Hyperglycaemia may occur during operation 
through influences already enumerated. Severe 
metabolic derangement is not liable to occur 
during the normal operating period in a previously 
controlled patient (Graham, 1945), since ketosis 
with acidosis takes days rather than hours to 
tecome fully developed. 

(2) Hypoglycaemia can develop quickly, within 
a half-hour. It may be recognized by sweating and 
pallor, tachycardia, pilomotor erection, pupillary 
dilatation, salivation, normal eyeball tension. 

Insulin may rapidly produce this change from 
hyperglycaemia to hypoglycaemia if inadequately 
covered by glucose, and ketones may then be 
found in urine or blood with a low blood sugar 
level. 

Hypoglycaemia must be energetically treated to 
prevent prolonged coma or permanent brain 
damage, being best reversed by 25-50 g glucose 
given intravenously as a 25-50 per cent solu- 
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tion, followed by an intravenous drip of 5—10 
per cent glucose, into a different vein, since hyper- 
tonic solutions tend to thrombose veins. Hyper- 
tonic solutions may assist to reduce oedema of the 
brain where hypoglycaemia has been prolonged. 


IMMEDIATE POSTOPERATIVE MANAGEMENT 

The chief complaint of this period is hypogly- 
caemia (Graham, 1945). 

The chief aim is to restore a normal diet to the 
patient as soon as possible. 

Hypoglycaemia must be suspected whenever 
there is a delay in return of consciousness, in 
which assistance will have been obtained from 
the blood sample taken at the end of operation. 
The controlled diabetic who received a dose of 
P.Z.I. before admission for emergency surgery is 
perhaps particularly liable to this complication. 

Where the operation has resulted in the removal 
of the cause of an unstable diabetes, such as a 
gangrenous limb, a massive infection, or similar 
stressor, there may be a sudden increase in insulin 
sensitivity. 

Treatment should be continued on the glucose 
and insulin regime selected pre-operatively until 
the following criteria are attained : 

(a) normal food intake by mouth is established; 

(6) infection is controlled; 

(c) electrolyte balance is controlled. 

Thereupon vigilance can be relaxed, and the 
decreasing insulin needs to be anticipated during 
convalescence met. 

The problem of providing an adequate calorie 
intake to the patient who can take nothing by 
mouth has not yet been satisfactorily solved. The 
diabetic, who will probably require at least 300 g 
of glucose in the first 24 hours after operation, 
must not be overloaded with fluids. The recent 
recommendations of Le Quesne (1954) that a 
maximum of two litres of fluid be given during 
this period, and three litres per day thereafter, 
should be observed. 

Also in this class of patient, generally confined 
to bed, a careful watch should be made of pul- 
monary infection. 

Despite the complexities of the problem that 
the diabetic -resents upon his entry into the 
surgical ward, he generally leaves it metabolically 
balanced. 
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SUMMARY 


A brief discussion of the physiology of insulin 
metabolism and of diabetes mellitus in their 
relationship to surgery and anaesthesia is included. 

The problems involved, and the types of 
patients likely to be encountered are discussed, 
with suggestions as to the selection and special 
treatment of certain classes of patients and of the 
poor risk cases. 

The merits of various drugs that are used pre- 
operatively, as well as those of anaesthetic agents 
and anaesthetic techniques have been set forth. 

A brief outline of the principles of postoperative 
management has been suggested. 
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ADDENDUM 


Modified Rothera’s Test for Plasma Ketones (Dumm 
and Shipley, 1946). 
Reagent used is a powder consisting of : 
Sodium nitroprusside 1g very finely ground, 
Ammonium sulphate 20 g, 
Anhydrous sodium carbonate 20 g. 
These ingredients are completely mixed but not 
ground together. The powder should be kept dry. 
Test is performed with one drop of serum upon a 
small pinch of powder, 5 mm diameter, on a white 
filter paper. Prompt violet colour reaction indicates 
a positive reaction. 
Since the minimal blood concentration that will give 
a positive reaction is 10 mg per cent of acetone bodies, 
a quantitative estimate can be obtained by this method 
using various dilutions of serum in distilled water by 
mixing 1 ml serum with 1 ml water, testing a drop of 
this, adding a further 1 ml water, and so on until no 
positive result is obtained. A dilution of 1 :7 of the 
serum, which is the greatest dilution to give a positive 
reaction will thus indicate a blood level of 70 mg per 
cent. > 
Properly performed, it is said that the error of this 
simple test is less than 10 mg per 100 mi (Dumm and 
Shipley, 1946). 
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POSITIVE PRESSURE RESPIRATION IN INFECTIOUS DISEASES 


BY 


LuIsE WISLICKI 
Rothschild Hadassah University Hospital ferusalem, Israel 


WHEN Ibsen (Lassen, 1953) introduced intermit- 
tent positive pressure respiration (i.p.p.r.) into the 
treatment of bulbar respiratory paralysis of polio- 
myelitis he transferred to the sickbed a technique 
used every day by anaesthetists in the operating 
theatre. He demonstrated the analogy between 
respiratory paralysis caused by a virus and that 
brought about deliberately by a relaxant drug, and 
dealt with both in the same way, by ventilating 
the lungs of the patient while the effect of the 
paralysing agent lasted. Since that time anaes- 
thetists have become very conscious of the scope 
of i.p.p.r. in the treatment of respiratory insuffi- 
ciency of varying origin, and reports have been 
published on its application in polyneuritis and 
tetanus apart from its further use in poliomye- 
litis. 

In this paper these various experiences are re- 
viewed with two aims in mind: firstly, to collect 
from them details which may improve the effici- 
ency of the method; secondly, to enquire whether 
there are further indications for its use. 


BULBAR PARALYSIS OF POLIOMYELITIS 


After Lassen’s (1953) fundamental paper on 
the Danish poliomyelitis epidemic of 1952, more 
detailed reports were published by members of 
the team who succeeded in reducing the mortality 
of bulbar paralysis from almost 90 per cent to 26 
per cent (Astrup, Ggtzsche and Neukirch, 1954; 
Anderson and Ibsen, 1954; Ibsen, 1954; and 
Neukirch, 1954a). Together they give an over- 
all picture of the disease. The essential points for 
the anaesthetist relate mainly to tracheotomy 
and ventilation. 


Tracheotomy and Anaesthesia. 
To be effective tracheotomy must be done 
early. Ibsen (1954) states that tracheotomies done 


late are almost useless. Lassen (1953) advises 
early tracheotomy in all patients in whom pos- 
tural drainage and frequent suction cannot main- 
tain an unobstructed airway and normal ventila- 
tion. In the United States, where tracheotomy 
is practised together with tank respiration, the 
need for early action is also stressed. Frank 
(1953) demands early tracheotomy; McDowell 
and Wolff (1953) advocate early “ prophylactic ” 
tracheotomy, either in severe progressive cases 
or when vital capacity has been reduced to 25 per 
cent of its normal value. O’Brien, Scott, Crosby 
and Simpson (1954) advise “elective” tracheo- 
tomy, to avoid aspiration of regurgitated material. 
Macrae, McKendrick, Sefton and Walley (1954), 
on the other hand, withheld tracheotomy until 
their patients, showing pharyngeal pooling of 
secretions, cyanosis, facial congestion and mental 
disturbances, “were going rapidly downhill ”. 
They lost two out of three cases and state them- 
selves that they probably started with i.p.p.r. 
too late. During 1951-1953, between 65 and 75 
per cent of all poliomyelitis cases in Israel occurred 
in children under 2 years (Rotem, 1955). Anaes- 
thetists know only too well for how short a 
time infants can stand hypoxia and carbon dioxide 
retention. To give i.p.p.r. a chance in these cases 
tracheotomy ought to be performed as soon as 
“bulbar” symptoms become manifest, and be- 
fore the children have gone into secondary shock 
due to hypoventilation. 

Anderson and Ibsen (1954) did their tracheo- 
tomies under general anaesthesia and endotracheal 
intubation. Accidents had happened after local 
analgesia, due to aspiration and periods of hypo- 
ventilation during operation. They prefer cyclo- 
propane to other techniques. Nix (1954) advises 
general anaesthesia and intubation, in small 
children using divinyl ether and in older children 
and adults thiopentone and suxamethonium. 
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He omits premedication with atropine to avoid 
inspissation of bronchial secretions. Smith, Spald- 
ing and Russell (1954), in patients who were still 
conscious, performed bronchoscopy and intu- 
bation under thiopentone, or thiopentone and 
suxamethonium. O’Brien et al. (1954) tracheo- 
tomized under local analgesia while they venti- 
lated the patient through the face-mask of an 
anaesthetic machine. Macrea et al. (1954) em- 
ployed local analgesia but state that general anaes- 
thesia might be more suitable. 

General anaesthesia with intubation seems to 
be preferable to local methods. Because adequate 
ventilation is assured the operation can be carried 
out unhurriedly, and a clear airway will prevent 
excessive bleeding caused by respiratory obstruc- 
tion. But the anaesthetist has to face the dangers 
of anoxia and aspiration from the moment of 
induction until the tube is in position. Therefore, 
for adults and co-operative older children intuba- 
tion under topical anaesthesia would be less 
dangerous. The procedure is explained to the 
patient, the pharynx is then sucked clear, and 
pharynx and chords are sprayed under vision. 
After some rest and renewed suction the tube is 
inserted, immediately followed by thiopentone 
injection (Wislicki, 1949). For smaller children 
and uncooperative patients the methods advocated 
by Nix (1954) are more promising than cyclo- 
propane, which can cause laryngeal spasm and 
thereby aggravate the already dangerous situa- 
tion. 


Cuffed tubes and Cannulae. 


The cuffed tubes which are inserted into the 
tracheotomy opening give rise to various diffi- 
culties. Cuffs may deflate, or rupture, or tubes 
not keep in place, slip into one bronchus, or 
become obstructed. In Copenhagen laryngologists 
had 1,500 emergency calls within four months due 
to such incidents. Small patients do not stand cuffs 
well, and there is the additional danger of one 
bronchus being entered due to the shortness of 
the trachea. Macrae et al. (1954) found pressure 
necrosis from cuffs at necropsy. Hay (1954) lost 
a boy through surgical emphysema followed by 
pneumothorax. Most likely the tube had caused 
a lesion to the trachea through which air entered 
the mediastinum. Hiigin (1954) advises not to 
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blow up the cuff completely but to leave a small 
leak in order to avoid pressure necrosis. Neukirch 
(1954a) states that a cuffed tube always causes 
some secretions, and he tries to replace it as early 
as possible by a metal cannula. He finds that a 
small leak around the cannula can be compensated 
by an increased ventilation rate. In my own case 
(Wislicki, 1954), because of lack of cuffed tubes, 
I pressed a piece of rubber tubing into the outer 
tracheotomy cannula until it made a tight fit. 
Through an Oxford Vaporizer fitted with a Salt 
valve (Wislicki, 1953) and connected to this tubing, 
i.p.p.r. could be carried out with a wholly satis- 
factory result, in spite of the leak round the 
cannula. 

Since then I have used the Oxford Vaporizer 
fitted with a Cardiff inflating valve (Mushin, 
1953) on another patient suffering from bulbar 
respiratory paralysis.* Again, it was connected to 
rubber tubing inserted into the cannula. In this 
case, too, the method was successful, for, after half 
an hour’s ventilation, the cyanosed and uncon- 
scious patient woke up and was mentally fully 
alert. Her respiratory difficulties were completely 
overcome by this primitive form of i.p.p.r., and 
spontaneous respiration returned after two days. 
Unfortunately, she died 10 days later from cardiac 
failure due to mitral insufficiency of many years’ 
standing. 

These two cases show that a metal cannula can 
be used right from the start. As positive pressure is 
applied only below the pharynx its secretions are 
not forced into the lungs as in a tank respirator 
and very little will trickle down the outer wall of 
the cannula if mouth and pharynx are sucked clean 
and postural drainage is practised. Therefore, the 
danger of aspiration of pharyngeal secretions is 
small. A cannula can be fixed to the neck easily, 
cannot slip down the trachea and is too short to 
reach a bronchus. In Copenhagen a cannula has 
been constructed with a corrugated metal flange 
protruding from its outer opening. Over the outer 
surface of this flange rubber tubing is slipped and 
connected to the respirator (Neukirch, 1954b). 
This has the great advantage, especially for 
children, that the tracheal space is not narrowed 
either by an inner cannula or by the endotracheal 





* Both cases were patients of the Infectious Diseases 
Department, Shaare Zedek Hospital, Jerusalem. 
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tube itself which has to be narrower than a can- 
nula to leave room for the cuff. The slight leak 
round the cannula provides at the same time an 
additional safety valve against pulmonary emphy- 
sema (Lassen, 1953) or surgical emphysema (Hay, 
1954), due to excessive pressure in the breathing 
system. 


Ventilation 

The Danish team made extensive studies of 
rates, volumes and pressures of ventilation. In 
adults about 25 respirations per minute by bag 
ventilation gave them the best results (Astrup et 
al., 1954). In infants the rate must be higher, 
around 40. According to Biihimann and Luch- 
singer (1955) the minute volume of ventilation 
can be estimated approximately by multiplying by 
five the caloric requirements of the patient accor- 
ding to age, height and weight, as found in BMR 
tables, e.g. BMR requirements 1600 Cal x 5 = 
8000 ml per minute. In addition, one has to allow 
for hyperpyrexia or other increased oxygen 
requirements. They advise to add generally 1 part 
oxygen to 3 parts of air, but never more than 30-35 
per cent as this provides complete oxygen satura- 
tion without removing the inert nitrogen from the 
lungs. The rate of respiration is calculated by 
dividing the minute volume by the volume of a 
single inflation. 

The correct inspiratory pressure for i.p.p.r. is 
about 20 cm H.O. Astrup et al. (1954) found the 
pressures reached by manual ventilation to range 
between 12 and 27 cm H.O. Mushin and Rendell- 
Baker (1954) state that an inspiratory pressure of 
20-25 cm H,O may be required to inflate an 
apnoeic patient sufficiently. Galpine (1954) set 
the safety valve of his inflator at 20 cm H,O. 
Engstrém (1954a) maintains that by providing a 
slight negative pressure during expiration less 
inspiratory pressure is needed to ensure an 
adequate gaseous exchange. Bihlmann and 
Luchsinger (1954) using the Engstrém respirator 
set the inspiratory pressure between 10 and 18 
cm H,O and the expiratory negative pressure 
at not more than 6 cm H,O. 

There are various ways to avoid an excessive 
inspiratory pressure: with bag ventilation one can 
leave the expiratory valve partly open, as was 
done in Copenhagen. One can leave a leak round 
Cc 


the tracheotomy cannula, as described above. The 
Cardiff inflating valve (Mushin, 1953) constructed 
for the use with the Oxford inflating bellows 
(Macintosh, 1953) has an intentional leak at high 
pressure. In respirators of the pump type deliver- 
ing a predetermined volume a manometer with a 
blow-off safety valve has to be inserted into the 
circuit, while in pressure sensitive respirators 
expiration starts automatically as soon as the pre- 
determined inspiratory pressure is reached. 

The pressure gradient is of the greatest impor- 
tance. The peak pressure ought to be reached 
shortly after the beginning of each inflation, and 
the pressure should then drop quickly to 
zero, and remain there sufficiently long to 
permit an adequate venous return. There- 
fore, the relation between inspiratory and 
expiratory phase ought to be 1:2. Prolonged 
intrathoracic positive pressure will impede the 
filling of the right heart thereby causing decreased 
cardiac output and secondary shock. As suggested 
by Pask (1955a), the important factor is the mean 
intrathoracic pressure and it is clear that a slight 
negative pressure during expiration will result in 
lowering of this mean. Engstrém (1954a), Pask 
(1955a) and others have utilized this principle by 
designing respirators which provide the negative 
pressure during respiration and thus facilitate the 
venous return to the heart. 

Both hypo- and hyperventilation must be 
avoided. Hyperventilation causes alkalosis, and 
this in its turn alters the oxygen dissociation curve 
causing reduced oxygen release to the tissues. This 
leads to tissue anoxia in spite of sufficient oxygen 
saturation of the blood. It may also give rise to 
tetany which can be masked by the muscular para- 
lysis of the patients. The dangers and conse- 
quences of hypoventilation are far greater but so 
well known to anaesthetists that there is no need 
to discuss them here. 

Exact adjustments of rates and volumes of 
ventilation and mixtures of air and oxygen depend 
on values of oxygen saturation of arterial blood, 
carbon dioxide tension in plasma and blood pH. If 
one cannot have these investigations done fre- 
quently, it may be useful to follow Hiigin’s (1954) 
advice and use air only. A patient underventilated 
with air will show cyanosis but with a high oxygen 
content he will look pink and his carbon dioxide 
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retention will be masked. If, however, he keeps a 
good colour on air alone the respired volume will 
also suffice to wash out the carbon dioxide. 

Oxygen and compressed air from cylinders are 
very dry, and even room air is often too dry for 
delivery through a tracheotomy as the moistening 
influence of nose, mouth, and pharynx is short- 
circuited. This causes drying and thickening of 
the bronchial secretions and even crust formation. 
To prevent it gases or air have to be umidified. 
In order to give 100 per cent relative humidity the 
humidifier has to be interposed between the 
pumping mechanism and the patient (Marshall 
and Spalding, 1953). The gases which leave the 
cylinders cold ought to be warmed to 36—37° C 
as again the adapting mechanism of the upper 
respiratory tract is bypassed. Marshall and 
Spalding (1953) constructed a combined thermo- 
stat and humidifier which can be used with any 
respirator, manual or mechanical. In cases of 
hyperpyrexia one can cut out the thermostat to 
obtain some loss of body heat through its warm- 
ing of the inspired gases. 

If bronchial secretions are too viscid to be 
sucked out or drained a trypsin aerosol can be 
used to liquefy them. Steigmann and Scott 
(1952) and Unger and Unger (1953) used this 
successfully in acute poliomyelitis cases requiring 
tracheotomy, and Peck and Levin (1952) even 
succeeded by blowing it down a bronchoscope to 
clear blocked bronchi sufficiently for re-expansion 
of atelectases of some months’ standing. 


Respirators. 

Many automatic respirators have been construc- 
ted within the past years, and their principles 
have been reviewed in this journal (Mushin and 
Rendell-Baker, 1954). Therefore. individual res- 
pirators will not be discussed in this paper. The 
more i.p.p.r. is applied the more improve- 
ments will be made in apparatus. At present, 
both manual and mechanical respirators have their 
indications. A manual respirator like the Oxford 
inflating bellows (Macintosh, 1953) which is small, 
portable, easy to work, almost foolproof, and 
which can be used even without oxygen, seems 
best suited for transporting patients in respiratory 
failure, for small hospitals where i.p.p.r. is only 
rarely required, or for institutions which have not 
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enough skill and equipment at their disposal to 
maintain and repair complicated apparatus. In 
connection with an automatic inflating valve like 
the Cardiff valve (Mushin, 1953) or a Stott flutter 
valve (Smith et al., 1954) its working is so simple 
that unskilled personnel can be trained quickly in 
its use. 

During epidemics and in large hospitals which 
may have to care for several cases of respiratory 
failure simultaneously, mechanization is needed, as 
one cannot count on hundreds of medical students 
to help with the manual inflation, as in Copen- 
hagen during the 1952 epidemic. For well-staffed 
institutions upkeep and repair of machines are no 
problem. In cases where i.p.p.r. is needed over a 
long period an automatic respirator will work more 
evenly than manual bag ventilation. 

Whichever type is used it ought to be based on 
non-rebreathing. Carbon dioxide absorption has 
no advantages, it is expensive, it offers some resist- 
ance to respiration. Soda lime dust may enter 
the lungs, and failure to change the absorber in 
good time leads to carbon dioxide accumulation 
and to heat retention. 

Weaning a patient from the respirator will be 
easier if a system with variable oxygen percentage 
is used than if the fixed mixture of 50 per cent 
nitrogen and 50 per cent oxygen of the original 
Danish method is delivered. With improvement 
in the patient’s condition the oxygen can be 
lowered gradually to 20 per cent and only then 
need spontaneous respiration be tried. This will 
remove the additional strain for the patient to 
adjust himself to the difference in oxygen content 
between the mixture delivered by the machine 
and room air. 


Controlled hypothermia. 

Another symptom of poliomyelitis, unconnected 
with respiratory problems, may call for collabora- 
tion with the anaesthetist, namely hyperpyrexia. 
Some patients who were lost in spite of adequate 
ventilation died after continuous fever of 40° C or 
over, which could not be reduced by antibiotic 
and general treatment. Engstrém (1954b) report- 
ing on the Swedish poliomyelitis epidemic of 1953, 
states that most fatalities were due to hyperthermia 
and suggests treatment by “artificial hibernation”, 
which had been successfully applied in the hyper- 
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pyrexia of tetanus (Rossi, Bodmer, Bettex and 
Graf, 1954). Intractable hyperpyrexia might be 
more thoroughly attacked by controlled hypo- 
thermia than by treatment with cold packs, 
fans etc. as applied in Copenhagen (Neukirch, 
1954a). This would give another opportunity to 
the anaesthetist to transfer the experience gained 
in the operating theatre to the treatment of the 
poliomyelitis patient. 


Teamwork. 

Paralysis of respiration and of the muscles of the 
pharynx is only part of the picture of bulbar 
poliomyelitis. The anaesthetist who deals with 
these symptoms does not treat the disease but 
keeps the patient alive while general treatment 
and the patient’s own resistance are given a chance 
to overcome the infection itself. He is but a mem- 
ber of a team which includes the epidemiologist, 
the laryngologist, the biochemist, the physio- 
therapist, and, if necessary, the paediatrician and 
the orthopaedic surgeon. 

Within this team the anaesthetist has several 
tasks to perform. He will be needed for transport- 
ing patients with failing respiration to hospital. 
It has been suggested (Russell, 1954) that he 
should be the key person of a respirator unit for 
such emergencies, working from a central depot. 
He then has to join forces with the laryngologist 
who performs the tracheotomy. Throughout the 
further course of the disease he has to maintain 
clear air passages and adequate gaseous exchange. 
Because of his specialized knowledge of the 
patients’ respiratory and circulatory requirements 
O’Brien et al. (1954) made him the leader of the 
poliomyelitis team. 

This seems justified in view of the fact that, 
according to Russell (1955), death is usually due 
to pulmonary complications and that brain stem 
lesions will recover if life is preserved by protect- 
ing the lungs. To do this successfully he must, in 
addition to the control of ventilation, collaborate 
closely with the physiotherapist. If the anaes- 


thetist performs endobronchial suction through the . 


tracheotomy opening while postural drainage, per- 
cussion, and vibration treatment of the chest wall 
are carried out mucous plugs can be extracted and 
atelectases prevented or re-expanded without the 
need for bronchoscopy. In his turn, he depends on 
c* 


the control of the blood gases by the laboratory 
to show up deficiencies in ventilation and on the 
epidemiologist who takes responsibility for the 
general treatment of the patient. 

Due to his training in the theatre the anaesthe- 
tist will find it easy to adapt himseif to team work 
in quite a different field. In bulbar paralysis as 
well as in complicated surgical cases only the joint 
effort of all the members of the team may save 
the patient and restore his health. 


POLYNEURITIS 


Respiratory failure in acute toxic polyneuritis 
was treated successfully in two cases by Smith, 
et al. (1954). Tracheotomy was performed and 
i.p.p.r. was given with the aid of the Radcliffe 
respiratory pump (Russell and Schuster, 1953) 
for 32 days and 16 days respectively. Biihimann 
and Luchsinger (1955) mention cases of Guillian- 
Barré syndrome amongst those patients whose 
treatment by tracheotomy and Engstrém respirator 
gave satisfactory results. 

On the other hand, Clarke, Bayliss, and 
Cooper (1954) described three cases of Landry- 
Guillian-Barré syndrome, all with respiratory 
failure followed by circulatory failure, where 
i.p.p.r. had not been applied. One patient died; 
after partial paralysis of her respiratory muscles 
she was treated with a Bragg-Paul respirator and 
later in a tank respirator but was unable to syn- 
chronize her remaining respiratory activity with 
its rhythm, one of the reasons of failure of the tank 
respirator in bulbar respiratory paralysis of polio- 
myelitis. She then received continuous oxygen 
but after 17 hours of severe respiratory difficulty 
“although her respiratory function had not 
deteriorated further ” she suddenly collapsed and 
died 11 hours later. From the Danish experience 
(Astrup et al., 1954) as well as from observations 
during anaesthesia (Pask, 1955b) we know that it 
is far easier to supply sufficient oxygen than to 
eliminate carbon dioxide and that prolonged car- 
bon dioxide retention will be followed by circula- 
tory failure, in spite of adequate oxygenation. 

In one of the other cases collapse occurred after 
“a nocturnal attack of breathlessness” with 78 
per cent oxygen saturation, in the other after his 
vital capacity had fallen to 400 ml. Both were 
treated with cortisone, their circulation was sup- 
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ported, and both recovered. But one may ask one- 
self whether their collapse could not have been 
avoided had an adequate gaseous exchange been 
provided by timely i.p.p.r. 

Polyneuritis with respiratory involvement 
appears to be an illness in whose therapy i.p.p.r. 
ought to be applied more often. Generally, the 
prognosis is good and might still be improved by 
giving the patients this “ respiratory substitution 
therapy” (Biihlmann and Luchsinger, 1954) 
during respiratory insufficiency. 

ENCEPHALITIS 

Encephalitis is another infection of the central 
nervous system where i.p.p.r. might be life-saving 
if respiratory function is affected. For instance, it 
has been stated (Annotation, 1954a) that in 
measles encephalitis “a respirator should be 
available to treat the case of sudden, but often 
transient, respiratory failure ”’. 


TETANUS 

After its excellent results in bulbar respiratory 
paralysis of poliomyelitis, i.p.p.r. with tracheotomy 
has been applied to cases of severe tetanus. The 
principle of the treatment is to change the con- 
vulsions and spastic contractions into flaccid para- 
lysis by means of a myoneural blocking agent, to 
uphold ventilation by i.p.p.r., and to keep the 
patient anaesthetized or sedated until specific anti- 
tetanic and general anti-infective and supporting 
treatment have become effective or the toxin has 
lost its potency. 

Since curare has been described trials have been 
made again and again to make use of its relaxant 
effect to abolish tetanic convulsions. Recently, 
Shackleton (1954) reviewed the history of these 
attempts. Most of them failed, either because of 
insufficient doses to overcome the spasms, or 
because of respiratory difficulties caused by ade- 
quate dosage. Littlewood, Mant and Wright 
(1954) tried to mitigate tetanic spasms by suxa- 
methonium. With the amount given they did not 
have to apply artificial respiration but could not 
control the convulsions. Godman and Adriani 
(1949) found curare unsatisfactory because relief 
of spasms could not be obtained without respira- 
tory depression. Parkes (1954) who saved his 
patient by an infusion of gallamine triethiodide 
warned against its depressant effect on respiration. 
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Woolmer and Cates (1952) tried to achieve a con- 
tinuous balance between relaxation and muscular 
paralysis by adjusting their suxamethonium drip 
to the minute-to-minute requirements of the 
patient. They had to inflate the lungs frequently | 
with oxygen to avoid anoxia. Smith and Thorne 
(1952) managed to balance their patient with 
gallamine triethiodide between sufficient relaxa- 
tion and fairly satisfactory respiration, but 
McIntyre (1953), trying it in two children of 5 and 
7 years, did not succeed. To an anaesthetist it 
does not seem feasible to keep such a precarious 
balance in children. 

The first attempt to make full use of neuro- 
muscular block and to treat the resulting respira- 
tory paralysis systematically with artificial respira- 
tion was carried out by Van Bergen and Buckley 
(1952) with gallamine. They curarized their 
5-year-old patient completely, intubated her, 
carried out rhythmic inflation of the lungs by 
means of an anaesthetic machine and performed 
tracheotomy, followed by aspirations from the 
tracheobronchial tree. They then placed the 
patient into a tank respirator and gave oxygen 
through the tracheotomy tube by means of a circle 
type oxygenator. The patient remained uncon- 
scious for three days due to the effects of previous 
hypoxia and sedation. She recovered after five 
days of complete curarization. 

This case has been quoted extensively in order 
to show that already in 1952 a method became 
available to use full curarization and artificial 
respiration successfully in the treatment of severe 
tetanic convulsions. It was published in a widely 
read anaesthetic journal. But it did not receive 
the attention it deserved and it needed the spec- 
tacular success of i.p.p.r. in Copenhagen to make 
anaesthetists conscious of this new approach. 

Lassen, Bjgrneboe, Ibsen and Neukirch (1954) 
applied their method of manual i.p.p.r. to four 
cases of severe tetanus of whom they saved three. 
They used tubocurarine, combined with nitrous 
oxide-oxygen anaesthesia and pentobarbital 
sedation. One patient was kept under anaesthesia 
for 17 days. Honey, Dwyer, Smith and Spalding 
(1954) also used Tubarine, reinforced by tubo- 
curarine in a wax base, and i.p.p.r. through a 
tracheotomy opening by means of a Radcliffe 
pump (Russell and Schuster, 1953) for six days. 
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Heavy sedation with sodium amylobarbitone, sup- 
plemented by thiopentone, was given. Shackleton 
(1954) and Forrester (1954) treated a patient with 
a 0.2 per cent solution of suxamethonium for 5 
days, giving paraldehyde sedation and light nitrous 
oxide anaesthesia. Rossi, Bodmer, Bettex and 
Graf (1954) treated one case successfully over 28 
days with tubocurarine and i.p.p.r. through an 
Engstrém (1954) respirator, in combination with 
“ artificial hibernation ” by means of chlorproma- 
zine, promethazine and pethidine, and two further 
cases recovered after treatment by the same 
method by Biihlmann and Luchsinger (1954). 


Choice of relaxant. 

Tubocurarine, gallamine triethiodide and suxa- 
methonium have now all been successfully used in 
the treatment of tetanus. We have to ask our- 
selves which preparation to prefer, if any. All three 
have advantages and disadvantages. Tubocurarine 
gives the longest action and therefore seems to be 
indicated at the beginning of treatment when its 
continuation for some days has to be expected. But 
after large doses its action is prolonged. In the 
case of Honey et al. (1954) it took 12 hours after 
the last dose until sufficient spontaneous respira- 
tion had returned. Besides, it caused abdominal 
distension during recovery. Suxamethonium, used 
over a long period, likewise causes accumulation, 
as Shackleton (1954) stated, because from the large 


amounts needed much succinylmonocholine is. 


formed which has a prolonged, though weak, 
curarizing effect (Collier and Macauley, 1953). 
It might be advisable to start with tubocurarine 
and to replace it by suxamethonium when the 
patient improves and his convulsions become 
rarer and shorter. The accumulated tubocurarine 
will then be destroyed by the time suxamethonium 
can be stopped. Gallamine, by its shorter action, 
is more flexible than tubocurarine, and, as it acts 
less on the synapses of autonomic ganglia, abdomi- 
nal distension need not be expected. On the other 
hand, in the majority of cases it causes a rise of 
pulse rate and frequently of blood pressure, both 
the very warning signs of carbon dioxide retention. 
Without laboratory facilities one might not inter- 
pret these signs correctly and either over- or 
underventilate. Experience in this respect has not 
yet been published. The choice of relaxant or of 


a combination of relaxants will depend on further 
clinical trials with all of them. 

Curarization, tracheotomy and i.p.p.r. are indi- 
cated when sedation fails to prevent convulsions, 
and before the patient is exhausted by spasms and 
respiratory insufficiency. The considerations with 
regard to ventilation rates and pressures, cuffed 
tubes and cannulae, and humidification which 
have been discussed under poliomyelitis, apply 
also to tetanus. 


Anaesthesia and sedation. 

Whether to use anaesthesia or sedation or both 
in conjunction with neuromuscular block is a 
question which cannot be solved at this early stage. 
Nitrous oxide-oxygen anaesthesia has much to 
recommend itself because of the absence of toxicity 
and because the patient will wake up as soon as it 
is discontinued. But it is very expensive to keep 
a patient so anaesthetized for weeks. Even if 
partial rebreathing is practised part of the savings 
on the gas will be expended on soda lime, apart 
from its disadvantages outlined above. 

Lassen et al. (1954) believe that heavy barbitu- 
rate sedation might have caused agranulocytosis in 
one of their patients. Van Bergen and Buckley 
(1952) did not sedate their young patient any 
further after consciousness had returned. As 
Honey et al. (1954) pointed out, poliomyelitis 
patients treated by i.p.p.r. have remained conscious 
and did not regret it. It will probably be kindest 
to the patients to anaesthetize them at the begin- 
ning, until the right dose of relaxant has been 
found to suppress the convulsions, and while the 
most vigorous antitetanic and antibiotic treatment 
is being given. Thereafter, one could go over to 
sedation, or even leave the patient unsedated for 
some hours while ensuring prolonged sleep at 
night and sufficient rest during the day by alterna- 
ting between barbiturates, paraldehyde and pethi- 
dine, to prevent too much of one type of sedative 
being given. 

One should also consider sedation with chlorpro- 
mazine. Whether one feels inclined as Rossi and 
his colleagues (1954) to keep patients in “ arti- 
ficial hibernation” instead of anaesthetizing or 
sedating them is a matter of experience and 
preference and will also depend on the degree of 
hyperpyrexia. Brehme (1955) suggests chlorpro- 
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mazine alone in paralytic poliomyelitis for relief 
of pain and to produce euphoria. In tetanus, too, 
one injection of chlorpromazine might keep the 
patient content for several hours and help to 
reduce the use of barbiturates. However, the pos- 
sibility of hyperpyrexia and liver damage after 
prolonged administration has to be kept in mind 
(Garmany, May and Folkson, 1954; Chesney, 
1954). 
RABIES 


Considering the successful management of 
tetanic convulsions another disease comes to mind 
in which the same methods might help to save 
lives. Rabies has been eradicated in the United 
Kingdom but still exists in the Middle East and 
many other parts of the world. Though in Israel 
dogs are now either vaccinated or destroyed, the 
country will not be freed quickly of this disease 
because it has its local reservoir in the jackal. In 
1953 two or three fatalities occurred after jackal 
bites. It appears that while after dog bites active 
immunization by vaccine becomes effective during 
the incubation period of the virus, this protection 
is not obtained against its more virulent form 
transmitted by the jackal. Harris (1948) states 
that bites of wild animals are more dangerous than 
dog bites because the passage of the virus through 
such carnivores increases its infectivity. 

It seems logical that in these doomed cases one 
could only gain by applying the same treatment 
as in tetanus, namely curarization of the patient 
to abolish spasms of larynx and pharynx, tracheo- 
tomy, suction and postural drainage to prevent 
the outpourings of mucus and saliva to reach the 
lungs, and i.p.p.r. to sustain ventilation. One 
cannot foresee how long the convulsive stage may 
last or what further symptoms or complications 
may arise once a patient survives such an attack. 
But as we know that man does recover from 
infections by many types of virus there is no 
reason to assume that death from severe hydro- 
phobia is inevitable. 


ACUTE RESPIRATORY INFECTION IN CHRONIC 
BRONCHITIS OR EMPHYSEMA 


The gratifying results of i.p.p.r. in the treatment 
of respiratory insufficiency in infectious diseases 
of the central nervous system prompt the question 
whether the method might be helpful in other 


BRITISH JOURNAL OF ANAESTHESIA 


forms of respiratory failure. Westlake (1954) 
studied patients in whom an acute respiratory 
infection became superimposed upon chronic 
bronchitis or emphysema, with or without cardiac 
failure. Of 24 cases 10 died, all of whom showed 
reduced oxygen saturation of arterial blood on 
admission to hospital. Three fatal cases which are 
described in detail all suffered from respiratory 
failure before cardiac failure supervened. Pure 
oxygen did not relieve the symptoms as the 
gaseous exchange in the lungs was insufficient to 
prevent carbon dioxide retention, and Westlake 
states that in one case carbon dioxide narcosis 
developed. Half an hour’s trial with Donald’s 
(1954) positive pressure patient-cycled respirator 
did not achieve any improvement. Simpson (1954) 
reported on 118 cases of acute respiratory infection 
in emphysematous patients of whom 41 died. In 
49 cases mental disturbances occurred, often after 
oxygen therapy which relieved hypoxia but could 
not lower the raised carbon dioxide tension of the 
blood caused by reduced ventilation and vital 
capacity. A Bragg-Paul respirator was tried but 
could not be adapted to the patient’s own respira- 
tory rhythm, nor were tank and cuirass respirators 
helpful for the same reason. 

It might be well worth while to try i.p.p.r. sys- 
tematically in these cases. One would not feel 
inclined to do a tracheotomy but a trial with a 
tight-fitting mask in the conscious, and an endo- 
tracheal tube in the comatose patient would not 
involve any risk, provided the tube is not left in 
too long. Manual i.p.p.r. with air and added oxy- 
gen appears to be one suitable method. Applied 
by an anaesthetist used to perform assisted venti- 
lation, the patient’s own respiratory rhythm could 
be followed and deepened sufficiently to overcome 
both, hypoxia and hypercapnia. But there will 
also be emphysematous patients whose thorax and 
lung tissues are rigid and therefore difficult to 
inflate, as anaesthetists know well. Such a thorax 
will remain expanded during expiration, and 
manual ventilation may not produce a satisfactory 
gaseous exchange. In these cases an Engstrom 
(1954a) respirator might give better results. It is 
fitted with a belt which compresses the thorax from 
without during expiration, or alternatively, a 
Venturi suction attachment can produce negative 
pressure. Both these devices empty the lungs 
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more completely, expel their carbon dioxide and 
assist the venous return to the heart. However, the 
difficulty of co-ordinating the rhythm of the infla- 
tor to that of the patient remains and it would 
require skill and patience to overcome it. In 
addition to manual or mechanical i.p.p.r., suction 
and postural drainage will have to be applied and 
aerosol trypsin be used to liquefy the secretions 
of the air passages (Leader, Brit. med. F., 1954b). 
Antibiotics have to be given, the circulation has 
to be supported and general treatment carried out 
as usual. 

Every winter hundreds of patients in Britain 
pass from chronic into acute respiratory failure. 
As this leads in many of these elderly people to 
cardiac failure it seems rational to try to combat 
the first before the second develops. Though it 
has been stated that mechanical ventilation has not 
proved successful (Leader, Brit. med. }., 1954b). 
I do not think that assisted respiration has been 
given a fair chance. Manual ventilation has not 
been tried at all. The automatic respirators used 
were chiefly tank respirators and the Bragg-Paul 
respirator. The difficulties experienced with the 
former have been set out above. The Paul-Bragg 
respirator in its original form does not give a suf- 
ficient volume of ventilation in bulbar respiratory 
paralysis (Beaver, 1953). This might have been 
the cause for its failure in Simpson’s as well as in 
the Landry-Guillain-Barré cases quoted above 
under Polyneuritis. 

According to Simpson an acute respiratory 
infection in the chronic bronchitic patient has to be 
treated as an emergency. This calls for emergency 
measures and for investigation of any form of 
treatment which promises some success. I feel, 
therefore, that i.p.p.r. merits a thorough trial. The 
chronic illness of these middle-aged or old people. 
often accompanied by some degree of cardiac 
decompensation, will make it more difficult to 
achieve such immediate successes as those 
obtained in healthy young persons who contract 
poliomyelitis or tetanus. But one ought to per- 
severe to find ways and means for tiding them over 
a period of respiratory failure which might be 
only very short, until the antibiotics take effect 
and the acute infection passes. 

Simpson’s cases had an immediate mortality of 
almost 35 per cent, Westlake’s of over 40 per cent, 


and every winter the death rate from respiratory 
diseases rises steeply in Britain, especially during 
fogs and “ smogs”. To reduce it is a challenge to 
physician and anaesthetist as great as the outbreak 
of bulbar respiratory paralysis was to the Danish 
poliomyelitis team. 


SUMMARY 


(1) A review is given of the literature on treat- 
ment by intermittent positive pressure respiration 
(i.p.p.r.) in respiratory failure of bulbar paralysis 
of poliomyelitis, of polyneuritis, and of tetanus, 
and details of its application are compared. 

Problems concerning tracheotomy and ventila- 
tion in poliomyelitis are discussed, and the follow- 
ing conclusions have been reached: 

(a) Tracheotomy, to be effective, has to be 

done early. 

(b) It should be performed under endotracheal 
general anaesthesia. 

(c) Intubation should be performed under 
topical analgesia prior to induction when- 
ever possible. 

(d) For insertion into the tracheotomy opening 
a metal cannula is preferable to a cuffed 
endotracheal tube. 

(e) Both manual and mechanical ventilation 
have their indications. 

(f) In either method non-rebreathing is 
preferable to carbon dioxide absorption. 

The various tasks of the anaesthetist within a 
poliomyelitis team are set out. 

In the treatment of tetanus the choice of relaxant 
and the use of anaesthesia and of various types of 
sedation are discussed. 

(2) It is suggested to extend the use of i.p.p.r. 
to the treatment of respiratory insufficiency in 
encephalitis, in rabies, and in acute respiratory 
infection in the chronic bronchitic or emphyse- 
matous patient as in such cases the method may 
prove life-saving. 
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HYPOTHERMIA 


DuRING the past few years there has been an 
increasing interest in the development of possible 
methods for permitting surgical operations to be 
performed within the chambers of the heart. 
Ideally, this requires that the venous return to the 
heart is interrupted for a variable period of time. 
There have been two main lines of approach to 
the problem. Firstly, the heart is bypassed by an 
artificial circulation, which is best achieved 
through an extracorporeal heart-lung machine 
(Gibbon, 1937, 1939; Bjérk, 1948; Dennis, Karl- 
son, Eder, Nelson, Eddy and Sanderson, 1951; 
Miller, Gibbon and Gibbon, 1951; Melrose, 
1953). Secondly, cellular metabolism is depressed 
by reducing the body temperature. If this process 
is carried to a sufficient depth a point is ultimately 
reached when the cells can withstand prolonged 
periods of ischaemia: this is the aim of hypo- 
thermia. 


DEFINITION OF TERMS 


Hypothermia (as opposed to normothermia) 
means an abnormal reduction in the general body 
temperature. Strictly, therefore, any fall in body 
temperature below 98.0° F should be regarded as 
a state of hypothermia, but the term is usually 
reserved for temperatures of 90° and below. 

Homeothermia denotes the ability to maintain a 
constant temperature despite changes in the 
environmental temperature. Mammals and birds 
possess this ability. 

Potkilothermic animals do not have a constant 
body temperature, but one which becomes adapted 
to that of their environment. The amphibians are 
a good example of this group. 

Hibernation is the dormant state in which 


certain rodents, normally homeothermic, pass ‘the 


winter. The commonest animals which hibernate 
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are the hedgehog, the hamster and the groundhog. 
It has been suggested that the Canadian brown bear 
could hibernate, but the speed with which it can 
be roused from its dormant state and the finding 
that snow melts on its nose make this suggestion 
highly unlikely. It is now generally agreed that 
the Canadian groundhog (marmot) is the largest 
known hibernating animal. 

Such a term as “artificial hibernation” is 
neither descriptive nor accurate, and therefore no 
useful purpose would appear to be served by 
further use of this term. 


THE STATE OF HIBERNATION 


The hibernating animal enters the dormant 
state at the beginning of winter in a fat and sleek 
condition. During the winter months its body 
temperature drops almost to that of the environ- 
ment. Even in this state, however, there appears 
to be some mechanism which is capable of pre- 
venting the body temperature from falling below 
a critical level. When spring comes round, the 
animal gradually rewarms itself and finally 
emerges lean and irritable. Soon afterwards it 
starts to rebuild its body resources, and then 
enters the mating season. With the onset of winter 
the cycle is again repeated. 

In groundhogs, the transition from the non- 
hibernating state involves a fall in body tempera- 
ture to as low as 3°C. It appears to be associated 
with (1) an increase in oxygen and carbon dioxide 
content of the blood, (2) an elevation of the serum 
potassium and magnesium readings, (3) an increase 
in the haematocrit values, and (4) a decrease in the 
blood sugar level (Trusler, McBirnie, Pearson, 
Gornall and Bigelow, 1954). 

Most hibernating animals possess a small 
amount of brown-coloured adipose tissue which 
has a rich nerve and blood supply and is histo- 
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logically similar to the adrenal cortex. The fact 
that this tissue is maintained in size during 
hibernation, only to diminish rapidly on arousal, 
suggests some function other than mere fat 
storage. There appears to be a direct relationship 
between the amount of this brown fat present and 
the ability of the animal to adapt itself to the cold 
environment. There is, however, no evidence that 
this tissue produces any secretion. 


HISTORY OF HYPOTHERMIA 


In 1862, Walther first published his observations 
on the effect of cooling rabbits to 20°C. Since 
that time there have been many reports based 
mainly on studies in the hibernating animal 
(Dubois, 1896; Rasmussen, 1916; Tait, 1922; 
Foster, Foster and Meyer, 1939; Chatfield, 
Battista, Lyman and Garad, 1948; Adolph, 1951). 

In 1940, Laurence Smith and Temple Fay 
reported their observations on the use of hypo- 
thermia in the treatment of malignant disease. 
The patients were anaesthetized with small inter- 
mittent doses of a barbiturate and cooled by pack- 
ing in ice. They were maintained at a temperature 
between 90-75°F for 4-5 days and then rewarmed. 
Shivering resulted in an increase in metabolism, 
and a rise in body temperature; it was prevented 
by further doses of barbiturate. The rationale of 
this therapy was based on their histological finding 
that cold led to signs of retrogression and degen- 
eration of the malignant cells—similar to that seen 
after radiotherapy. They concluded that this 
treatment brought about an improvement in the 
clinical condition of some of their patients, but the 
main benefit apparently lay in the relief of intract- 
able pain. 

Bigelow, Callaghan and Hopps (1950) were the 
first to draw attention to the possible use of hypo- 
thermia in cardiac surgery. They pointed out that, 
whereas a normothermic dog (38°C) would survive 
exclusion of the heart from the circulation for 
periods of 5~9 minutes, a hypothermic one (25°C) 
would tolerate 15 minutes of circulatory arrest 
(Templeton and Gibbon, 1949). 

A further impetus to the clinical use of hypo- 
thermia followed the report by Laughman (1951) 
of a negro woman who was admitted to a hospital 
in New York in “cold coma”. Her rectal tem- 
perature 45 minutes after admission was reported 
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as only 18°C, the respiratory rate was three to five 
per minute, and the pulse rate twelve to twenty 
per minute. The patient was gradually rewarmed 
and regained consciousness when her general body 
temperature was about 30°C. She made a com- 
plete recovery, though severe frostbite of her feet 
and hands made amputation necessary. A history 
taken from the patient’s father revealed that she 
had been drinking alcohol for nearly nine hours 
before she finally lost consciousness. Dressed in 
only light clothing she had lain exposed to tem- 
peratures below freezing point for 11 hours. In 
the light of our present knowledge it is highly 
unlikely that she would have survived this expo- 
sure if she had not been heavily anaesthetized by 
the alcohol! 

More recently, Lewis and Taufig (1953) 
reported the use of hypothermia for the closure 
of an atrial septal defect under direct vision. Swan 
et al. (1953) used hypothermia (28°—21.5°C) 
during cardiac surgery in 15 human patients. In 
13 of these patients the circulation was occluded 
for periods ranging from 2—84 minutes. In seven 
cases, a stenotic pulmonary valve was excised, 
whilst in five cases an atrial septal defect was 
repaired. In the remaining two cases it was not 
necessary to interrupt the circulation. In this 
series there was only one operative death—due to 
ventricular fibrillation. 


PHYSIOLOGICAL CHANGES IN HYPOTHERMIA 


Hypothermia presents a whole new field 
awaiting physiological investigation, and up to now 
only some of the major problems have been 
studied. Apart from a very limited series of 
observations in man, most workers have chosen 
the dog as the experimental animal for their 
studies. A brief résumé of the more important 
findings is given below. 


Blood Pressure, Pulse and Respiration Rate, and 
Cardiac Output. 

Broadly speaking, as the body temperature falls 
so all the vital processes become reduced in a 
roughly linear fashion. On rewarming these 
changes are reversed, but an increase in pulse rate 
is usually the first sign of an increase in body tem- 
perature. In some cases the increase in cardiac 
output is slow in occurring and this has been 
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suggested as a possible cause of cardiac failure 
during rewarming (Ross, 1954b). 

All factors such as haemorrhage, depth of 
anaesthesia, etc. which influence these readings at 
normal temperatures will also bring about a change 
during hypothermia. 


Metabolic Rate. 

The basic assumption in hypothermia is that 
cellular metabolism is depressed by the fall in 
body temperature. Bigelow et al. (1950) concluded 
from observations on a small series of animals— 
breathing spontaneously—that the fall in oxygen 
consumption was linear with that of the body 
temperature. There were, however. two possible 
sources of error in their measurements: first, too 
deep anaesthesia limited the oxygen uptake per 
minute by respiratory depression; secondly, too 
light anaesthesia led to shivering and a precipitous 
rise in the oxygen consumption. More recently, 
Lynn, Melrose, Churchill-Davidson and 
McMillan (1954), using a totally paralysed animal 
on controlled respiration, have confirmed the 
linear fall in metabolic rate and they have sugges- 
ted that a fall of body temperature to 15°—10° C 
is necessary if the maximum benefit is to be 
obtained from the depression of the metabolism. 


Oxygen Dissociation. 

As blood cools—both in vitro and in vivo—the 
oxygen dissociation curve shifts to the left, which 
handicaps the release of oxygen to the tissues at 
low temperatures. On the other hand, as the tem- 
perature falls there is an increase in the amount of 
oxygen physically dissolved in the plasma, so that 
at 20°C there is approximately a 32 per cent 
increase (Penrod, 1951). The absence, however, 
of any evidence of an “oxygen debt” in the 
tissues after a period of deep hypothermia (20°C) 
suggests that the shift in the oxygen dissociation 
curve is counterbalanced by at least an equivalent 
depression of cell metabolism. A fall in carbon 
dioxide tension would tend to shift the curve even 
further to the left, but even with hyperventilation 
(low carbon dioxide tension) there is no available 
evidence to suggest that the tissues are unable to 
take up enough oxygen for their requirements. 


Shivering. 
The conscious subject maintains a fairly even 
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body temperature with the aid of a complex 
thermoregulating mechanism. Small variations in 
environmental temperature are counteracted by 
changes in the blood flow through the skin 
vessels. However, a fall in blood temperature of 
0.5°C or more leads to stimulation of the thermal 
nucleus which is believed to be situated in the 
hypothalamic region. In lower animals there 
appear to be two separate reflex centres in the 
hypothalamus—the one evoked by heat, the other 
by cold. The hypothalamic centres are concerned 
with thermoregulation, whereas a centre in the 
thalamus probably controls the shivering reflex 
which results in a number of widespread motor 
discharges sometimes seen as vigorous muscle 
tremors. In this way the body can increase the 
total heat production by as much as 400 per cent. 
Although shivering is not a form of autonomic 
activity, it is closely associated with these centres 
(Editorial, Brit. med. F., 1954). 

The shivering reflex can be inhibited either by 
depression of the central nucleus with anaesthesia 
or by blocking the efferent side of the arc with a 
muscle relaxant. On the production of anaesthesia 
of sufficient depth to prevent shivering the animal 
becomes poikilothermic and its body temperature 
approaches that of its environment. 


Acid-base Balance. 

pH changes during hypothermia mainly depend 
upon the type of respiration. Spontaneous breath- 
ing usually ceases somewhere between 30°-24°C, 
depending on the anaesthetic agent chosen. Below 
these temperatures metabolism still continues, so 
that there is an increasing tendency to accumulate 
carbon dioxide with a consequent fall in the pH 
(7.2-6.8). On controlled respiration with hyper- 
ventilation the pH rises to values of 7.67.8. It is 
generally accepted that a low pH at normal tem- 
peratures increases cardiac irritability. 


Electrolyte Changes. 

There is considerable disagreement on the part 
played by the serum electrolytes in hypothermia. 
The conflicting results that have been reported are 
in part due to the different types of ventilation 
used. 

On cooling there is a fall in the serum sodium 
and chloride. Swan et al. (1953) found a fall in 
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serum potassium and phosphorus on hyperventila- 
tion with carbon dioxide absorption in the hypo- 
thermic animal, whereas in the animal breathing 
spontaneously they reported a rise. Fleming 
(1954) and McMillan, Melrose, Churchill-David- 
son and Lynn (1955) have failed to confirm the 
above findings, and they do not believe that there 
is a significant alteration in these during hypo- 
thermia, or that the type of respiration is of 
importance. The latter workers claim, however, 
that there is a pronounced rise in the plasma 
calcium levels below a temperature of 25°C. Com- 
parison of the effects of the infusion of calcium 
chloride on the electrocardiographic tracing of 
dogs at normal temperature (38°C) and during 
hypothermia (25°C) strongly suggested that the 
“current of injury ” potential and the S-T deflec- 
tions which occur at the low temperatures are due 
to the presence of an increased amount of ionized 
calcium (Melrose, 1955). 

Myocardial Irritability. 

As the body temperature falls so the myocar- 
dium shows an increasing incidence of irritability; 
in fact the risk of ventricular fibrillation in man 
is sO great that temperatures of 28-27°C are now 
widely regarded as the limit of hypothermia in 
adult subjects. The myocardium of young 
animals and children tolerates the cold far better 
than that of the adult subject, so that they can 
often be cooled to far lower temperatures 
(24°—18°C) before the myocardium shows signs 
of irritability (Adolph, 1951; Churchill-Davidson, 
McMillan, Melrose and Lynn, 1953). 

The cause of this increased irritability is as yet 
unknown, but the onset of ventricular fibrillation 
represents the chief danger in the clinical use of 
hypothermia. A number of causal factors have 
been suggested: these are: (1) cold per se, (2) 
anoxia of the myocardium due to inadequate 
coronary circulation, and (3) pH or electrolyte 
changes affecting the myocardium. 

The fact that the incidence of ventricular fibril- 
lation can be considerably reduced by changing 
from spontaneous to controlled respiration 
suggests that the myocardial irritability is not 
caused by the cold per se (Swan et al., 1953; Lynn 
et al., 1954). However, the finding that ventricular 
fibrillation at very low temperatures (15°C) can 
easily be reversed by an artificial coronary circula- 
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tion might suggest that the cause was an 
inadequate coronary circulation; yet even in the 
presence of abundance of oxygen in a pressure 
chamber myocardial irritability is not reduced. 
This suggests that anoxia of the myocardium is 
not the cause of the increased myocardial irrita- 
bility. 

A further finding by Brown (1954) that acetyl- 
choline secretion in the synapse is depressed at low 
temperatures offers another possible cause— 
namely, that the conducting tissue of the heart is 
directly responsive to the cold and the grip of the 
pacemaker weakens, thereby leading to the forma- 
tion of multiple ectopic foci and fibrillation. Some 
support for this theory is given by Prevdel, 
Montgomery and Swan (1954) in that the infusion 
of anticholinesterase into the coronary circulation 
reduces the incidence of ventricular fibrillation. 


Electrocardiographic Changes. 

A particular form of E.C.G. has come to be 
associated with deep hypothermia (25°C and 
below). It is best seen in Lead II as a lengthening 
of the Q.R.S. interval, marked S-T depression and 
inversion of the T-wave. The presence of a 
“current of injury ”—a secondary wave closely 
following the S-wave, so that it appears part of 
the Q.R.S. complex—is taken to represent a 
fall in arterial pH due to faulty elimination of 
carbon dioxide, and is a warning signal of the 
possible occurrence of ventricular fibrillation 
(Osborne, 1953). Below 25°C there is an increas- 
ing incidence of ventricular extrasystoles and, 
more rarely, of heart block. Hyperventilation 
postpones their onset so that temperatures of 
20°—18°C may be reached in the dog before they 
occur. In such circumstances the heart commonly 
stops in asystole. 


Blood Coagulation. 

There is a progressive prolongation of the clot- 
ting time as cooling takes place, so that at 25°C it 
is increased four to fivefold (Ross, 1954b). During 
an operation, increased oozing may be noticed, but 
usually the bleeding is no greater than normal, 
although two cases of persistent haemorrhage 
during hypothermia associated with chlorproma- 
zine have already been reported (Dundee, Gray, 
Mesham and Scott, 1953). 
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HYPOTHERMIA 


Renal Excretion. 
There is a linear fall in the renal blood flow 
and excretion as the temperature falls. 


Stress and Hypothermia. 

In rats the hypothalamic-pituitary mechanism 
leading to the release of A.C.T.H. in response to 
stress is inhibited by hypothermia. The adrenal 
cortex in these chilled animals (20°C) remains 
responsive despite the fall in temperature (Khalil, 
1954). 

It has been suggested that chlorpromazine 
exhibited an anti-shock action by inhibiting the 
adrenocortical response to stress (Courvoisier, 
Fournel, Ducrot, Kolsky and Koetschet. 1953), 
but recent work on rats by Holbauer and Vogt 
(1954) failed to demonstrate such an action. It 
would seem, therefore, that if this drug has 
an anti-shock action, it does not lie in its ability 
to block sympathetic ganglia (Reuse, 1954; 
Holbauer and Vogt, 1954; Burn, 1954), nor in its 
inhibition of the adrenomedullary secretion, but 
in its action on the peripheral vessels (Foster et 
al., 1954). 


METHODS OF LOWERING THE BODY TEMPERATURE 
IN MAN 


1. Surface Cooling. This method is the most 
widely practised throughout the world. The 
anaesthetized subject is either immersed in ice- 
cold water, wrapped in a cooling blanket, or sur- 
rounded by ice-bags in a draught of cold air. All 
are effective, but surface cooling has the possible 
disadvantage that it takes longer than other 
methods. For example, it takes on the average 
2-3 hours to cool a well-built adult patient. The 
amount of fat compared with the bulk of muscle- 
tissue influences the rate of cooling. 

In most surgical operations surface cooling can 
be combined with some modification of body 
cavity cooling—as, for example, placing cold 
saline in the pleural cavity—so that precious time 
is not wasted on the cooling process alone. 

2. Blood Cooling. With the aid of a long poly- 
thene tube an artificial arterio-venous shunt is 
created (Boerema, Wildschut, Schmidt and Brock- 
huysen, 1951; Delorme, 1952). The blood is 
cooled in its passage through the coil by immersing 
the exterior of the tubing in ice-cold water. A 
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more recent modification of this technique makes 
use of a venous shunt and incorporates a small 
hand-pump to assist the circulation (Ross, 1954a). 
Blood is taken from the superior vena cava, passed 
through a cooling-coil, and returned into the 
saphenous vein. This latter technique overcomes 
the disadvantage of cannulating a large artery but 
introduces the possible problems of haemolysis 
and platelet loss; also with any form of artificial 
circulation there is always the possibility of 
embolism. 

Cooling by this technique may be more rapidly 
achieved than by surface cooling, but it must be 
remembered that the quicker the cooling the 
greater the risk of ventricular fibrillation. 

3. Body-cavity Cooling. The application of a 
cooling coil in the peritoneal cavity or the per- 
fusion of the pleural cavity with saline have both 
been found satisfactory in animals, but the latter 
technique carried a higher incidence of myocardial 
irritability than surface cooling (Churchill-David- 
son et al., 1953). More recently, the circulation of 
cooling fluid through a balloon placed in a child’s 
stomach has been suggested as a method of 
inducing hypothermia in the treatment of hyper- 
pyrexia (Khalil, 1954). 

It is clear, therefore, that there are numerous 
ways of extracting heat from the body provided 
the heat-producing processes are inhibited. 


METHODS OF REWARMING 


1. Surface. The patient is either immersed in 
warm water (42°C) or covered with warm blankets. 
There is no clear evidence that rapid rewarming 
is beneficial, but most patients start to rewarm 
themselves as consciousness is regained. 

A satisfactory method is to nurse the patient in 
blankets and over these to place a large electric 
blanket which is again covered by yet another 
blanket. The danger of electric pads and hot water 
bottles is the very real risk of producing wide- 
spread burns, for the skin of these patients is par- 
ticularly sensitive to heat. It is unwise to allow 
even a well-covered water bottle that is hotter than 
42°C to come into contact with the patient’s skin. 

2. Short-wave Diathermy. The principle is 
based on placing the patient in the centre of a 
thermo-electric field, because the heat waves are 
concentrated in the middle. The apparatus con- 
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sists of either two large flat electrodes placed on 
each side of the patient, or a coil wound round 
the body and attached to a short-wave diathermy 
machine. By this method the deep tissues can 
be warmed rather than the skin, but careful con- 
trols are needed to prevent burning. 


ANAESTHESIA FOR THE HYPOTHERMIC PATIENT 


The metabolism and renal excretion of the 
hypothermic patient is slow, so that it is advisable 
to choose anaesthetic drugs which are short-acting 
or eliminated mainly by the respiratory tract rather 
than those which are detoxicated in the body or 
excreted in the urine. For this reason, heavy pre- 
medication or large doses of barbiturate drugs are 
inadvisable. Cyclopropane has the disadvantage 
that it increases myocardial irritability at normal 
temperatures. Ether can satisfactorily be used, 
but the method of choice is probably very light 
anaesthesia (thiopentone, nitrous oxide-oxygen) 
in combination with complete muscular relaxation 
(d-tubocurarine chloride or suxamethonium 
chloride) to prevent shivering. 

The position of chlorpromazine has not yet been 
finally evaluated. For an excellent review of the 
actions and use of this drug the reader is referred 
to the paper by Dundee in this journal (1954). 
The intense and prolonged degree of peripheral 
vasodilatation that it gives suggests it would be 
beneficial in the hypothermic patient either as pre- 
medication or in combination with the anaesthetic 
technique. 


MANAGEMENT OF THE HYPOTHERMIC PATIENT 


This is similar to that of any other patient 
undergoing general or cardiac surgery, but there 
are certain points which require special attention: 

(1) Electrocardiographic monitoring is essential. 
The occurrence of ventricular extrasystoles or 
cardiac arrhythmia must be taken as the fore- 
runners of ventricular fibrillation. 

(2) Glucose or dextrose infusions. During 
induced hypothermia in man and dogs exogenous 
glucose is metabolized slowly. If a 5 per cent 
glucose infusion is given, hyperglycaemia develops 
and the plasma-sodium and plasma-total-protein 
levels fall. The level of other electrolytes in the 
plasma may also fall owing to dilution of the extra- 
cellular fluid by water withdrawn from the tissue 
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spaces and cells by the osmotic action of the 
glucose (Wynn, 1954). It is advisable therefore, 
to give either 24 per cent glucose or dextrose 
during hypothermia, or small quantities of half- 
strength normal saline. 

(3) Temperature of infused solutions. It is par- 
ticularly important that the temperature of the 
solution given should be approximately that of the 
patient, otherwise, following a period of rapid 
transfusion, the patient’s temperature may alter 
by as much as 2°-3°C in a few minutes. 


COMPLICATIONS 


(1) Ventricular fibrillation is the outstanding 
complication at the present time. The risk is 
greater in adults than in the young. 

(2) Hypotension. Prolonged and progressive 
hypotension leading to a “ failure to rewarm ” has 
been described (Huguenard, 1953; Preston and 
Wishart, 1954). 

(3) Haemorrhage may result from the increased 
coagulation time. 

(4) Pulmonary complications such as pulmonary 
collapse and oedema sometimes develop in the 
experimental animal after deep hypothermia. 

(5) Burns may follow injudicious application of 
heat to a cold skin. Similarly, if anyth‘ng at a 
temperature of 0°C or less touches the skin fo- 
sufficient time, a cold burn will result. 


POSSIBLE INDICATIONS FOR THE USE OF 
HYPOTHERMIA 


At present the only indication for reducing the 
body temperature in man seems the necessity for 
interrupting the circulation to the vital organs. 
Thus, in cardiac surgery with occlusion of the 
venous return hypothermia offers more time for 
working within the chambers of the heart under 
direct vision. 

In vascular surgery. also, it is helpful during 
the repair of aneurysms of the arch and upper 
part of the aorta. For lesions of the lower abdomi- 
nal aorta, beyond the origin of the renal arteries, 
the necessary interruption of the aortic blood 
stream does not usually lead to circulatory dis- 
orders. Clamping the aorta above this level for 
more than a short time leads to irreversible 
ischaemic effects on various tissues—e.g. spinal 
cord and kidney. The exact danger-time at normal 
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temperature is unknown but is believed to lie 
between fifteen to forty-five minutes (Editorial, 
Brit. med. F., 1955). Using hypothermia (27°C) 
it has been possible to clamp the aorta in a human 
subject for one hour and fifty-seven minutes: the 
patient developed only mild signs of a cauda 
equina lesion which cleared rapidly in the first few 
weeks after operation. A further case maintained 
at body temperature of 28°C withstood occlusion 
of the aorta above the origin of the renal arteries 
for one hour without any sequelae. It would 
appear, therefore, that at this body temperature 
the optimum duration of clamping lies somewhere 
between one and one-and-a-half hours. 

Finally, in neurosurgery the blood supply to 
the brain can be occluded with safety for a longer 
period of time than at normal temperatures during 
the removal of vascular tumours. Theoretically 
the use of hypotension to reduce bleeding during 
cranial operations would be safer when combined 
with hypothermia, but this disregards the dangers 
of the fall in body temperature. 

In the present state of our knowledge an exten- 
sion of the use of hypothermia to other conditions 
requiring major surgical intervention would not 
seem justifiable. 
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QUESTION AND ANSWER 


BY 


W. D. WyLie 


QUESTION 

Discuss the possible causes of prolonged apnoea 
appearing on the cessation of controlled respira- 
tion at the end of an operation. 


ANSWER 

The factors causing prolonged apnoea in 
anaesthesia can be divided into two groups— 
those affecting the respiratory centre and those 
affecting peripherally the action of the respiratory 
muscles. 


Respiratory Centre. 

The threshold of the respiratory centre is raised 
by many anaesthetic and analgesic agents, but 
some—such as thiopentone, cyclopropane, and 
morphine and its analogues—are more potent than 


others. Although it is overdosage of these drugs 
which most frequently accounts for apnoea of 
any duration, true sensitivity to some of them un- 
doubtedly exists. In practice the risk of over- 
dosage is accentuated when controlled respiration 
is carried out, since the most obvious signs of a 
rising concentration of an inhalational agent 
are lost. Similarly a masked cumulation of a 
respiratory depressant such as pethidine may 
result from repetitive intravenous dosage. More- 
over, in peripheral circulatory failure, or indeed 
in the presence of any disease which upsets the 
normal processes of metabolism, those central 
respiratory depressants which are partially or 
completely broken down in the body or excreted 
through the kidneys may be active for a consider- 
able period of time. Furthermore, the onset of 
their maximum effect can be delayed—a typical 
example of this occurring when opiate premedi- 
cation is given subcutaneously in the presence of 
vasoconstriction. 

There is experimental evidence from work on 
animals that large doses of muscle relaxants may 
have a depressant effect on the respiratory centre. 


Moderate hyperventilation with a consequent 
increase in the pH of arterial blood, and therefore 
reduction of the central stimulus to respiration, is 
desirable when manually controlled respiration is 
performed, since the dangers of a slight lack of 
carbon dioxide are far less than those of an excess 
of it. Should excessive hyperventilation be carried 
out, this of itself is unlikely to lead to a prolonged 
period of apnoea, but the risk is markedly increased 
when the threshold of the respiratory centre has 
been raised at the same time. 

Hypoventilation for long periods will gradually 
accustom the respiratory centre to abnormally high 
levels of carbon dioxide, so that the concentration 
may be actively depressant rather than stimulant 
and attempts to start spontaneous respiration by 
allowing more to accumulate may aggravate the 
situation. This state of affairs is only too easily 
facilitated by a combination of inadequate ventila- 
tion in the presence of respiratory depression from 
central and peripheral acting drugs. 


Respiratory Muscles. 

The factors causing prolonged apnoea by a peri- 
pheral action on the respiratory muscles may be 
grouped under three headings. First, overdosage; 
second, summation; and third, abnormal response. 

Overdosage. Overdosage either from too large 
a dose of a muscle relaxant and perhaps accentu- 
ated by an unexpectedly short operation, or from 
unrealized cumulation throughout a long opera- 
tion, is not uncommon. In the case of those drugs 
which, like tubocurarine, act by competitive inhibi- 
tion—and these include ether, unlikely though this 
is to produce by itself prolonged apnoea—and also 
in the case of decamethonium iodide, which acts 
by depolarization, the concentration at the neuro- 
muscular junction remains too high to allow the 
normal nerve impulse to pass to the muscle. How- 
ever, when suxamethonium has been used, either 
intermittently or by continuous intravenous drip, 
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the mechanism is different. Suxamethonium is 
rapidly hydrolysed in normal people to succinyl- 
monocholine, a substance which itself possesses 
some depolarizing power, while the final break- 
down to inert substances is much slower. When 
the total quantity of suxamethonium used is very 
great there is a possibility that paralysis may per- 
sist from the accumulation of succinylmono- 
choline. 

The duration of action of all the relaxants is 
lengthened in some degree by the general con- 
dition of the patient, and in particular by such 
factors as circulatory failure, induced hypotension 
and hypothermia. These prolong excretion and 
breakdown times, while variations in local blood 
flow to the muscles can affect their distribution. A 
decreased blood flow, such as is likely in an in- 
active muscle, will prolong the action of the 
relaxant. Local redistribution in the neighbour- 
hood of the motor end-plate also affects the 
duration of action. 

Summation. There is marked summation 
between the action of ether and the relaxant drugs 
which also work by competitive inhibition at the 
motor end-plate, so that the risk of prolonged 
apnoea following controlled respiration is a real 
one when they are used together. 

Abnormal response. The initial hydrolysis in 
the tissues of suxamethonium to succinylmonocho- 
line is carried out rapidly by plasma cholinesterase. 
Although a low plasma cholinesterase is often 
associated with liver disease, severe anaemia, mal- 
nutrition or contact with certain anticholinesterase 
poisons, some normal people may have a level 
which is insufficient to break down an average dose 
of suxamethonium quickly, and most cases of 
prolonged apnoea following the use of this 
relaxant are due to this cause. Certain local anal- 
gesic drugs, such as procaine hydrochloride, are 
also broken down by plasma cholinesterase, so that 
their use in conjunction with suxamethonium may 
lead to delayed hydrolysis of the latter. 

Myasthenic patients show a true sensitivity to 
the action of those drugs which act by competitive 
inhibition, so that a normal dose of, say, tubocura- 
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rine, will produce a complete, and possibly long- 
lasting, paralysis of the affected muscles.* 

The use of neostigmine as an antidote to tubo- 
curarine and similar drugs should be reserved until 
some signs of spontaneous respiration are present, 
since the block may otherwise be so complete that 
it is irreversible by normal doses of neostigmine 
and larger doses may themselves produce block by 
depolarization, and therefore prolong the apnoea. 


General Comment. 

Although the probable cause of any period of 
apnoea lasting much longer than twenty minutes 
is unlikely to be of entirely central origin, it is in 
theory possible for any of the factors discussed to 
account for a prolonged cessation of spontaneous 
respiration. In clinical practice several mechanisms 
are often present in an individual patient, and, at 
the end of operation, the absence of the surgical 
stimulus accentuates the situation. Very long 
periods of apnoea are nearly always associated with 
peripheral muscle paralysis due to an unusual res- 
ponse to a muscle relaxant, but the use of 
controlled respiration may mask even rarer pos- 
sibilities, such as surgical interference with the 
medulla in neurosurgery or a coincidental cerebral 
accident. 





* The attention of the reader is drawn to the work 
of Churchill-Davidson and Richardson (1955, Personal 
Communication) who have recently shown that the 
clinically normal muscles of a myasthenic are resistant 
to both decamethonium and suxamethonium, while 
those muscles which are weak become paralysed by 
even small doses. Moreover, the block produced by 
these two relaxants in the weak muscles of a myas- 
thenic patient is at first of a depolarizing kind, but 
rapidly changes to one of competitive inhibition. 
These workers think that some normal patients may 
show this dual response to depolarizing agents and 
that long-lasting paralysis may be the result; clinical 
reports to date suggest that such a response is likely 
to follow large doses of the depolarizing agents. In 
such a case, however, since the block is caused by 
competitive inhibition, neostigmine and similar anti- 
cholinesterases are effective antidotes, whereas their 
use in the presence of block by depolarization in 
normal patients will prolong, and may indeed be the 
cause of, the period of apnoea, For obvious reasons 
this cannot be included in the answer to the above 
question. 
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THE “RECOGNITION ” OF HOSPITALS FOR THE F-F.A. 


THE “ recognition” by the Faculty of hospitals 
which purport to provide postgraduate training in 
anaesthesia is at once a safeguard and a challenge. 

It is a safeguard in ensuring that no one can 
gain the distinction of the F.F.A. without having 
been exposed, during his training period, to 
instruction and supervision by Consultants of 
standing, working in hospitals which are 
adequately equipped and which offer a sufficient 
variety of experience. 

It is a challenge to hospitals to maintain their 
standards of postgraduate teaching and of anaes- 
thetic practice, and to ensure that their consul- 
tant service is run by consultants and not by 
registrars. 

Any hospital, or hospital group, that has trainee 
posts in anaesthesia on its establishment must 
apply to the Faculty if it wishes these posts to be 
recognized. No appointment at an unrecognized 
hospital will count towards the eighteen months of 
full time anaesthetic practice which is required of 
candidates for the Final Examination for the 
F.F.A.; and trainee posts in anaesthesia at unrecog- 
nized hospitals will be difficult to fill. 

Every hospital applying for recognition is 
visited by a representative of the Faculty. The 
Faculty’s Visitor is always an anaesthetist of 
experience, and he is usually a member of its 
Board. It is the duty of the Visitor to enquire 
closely into the anaesthetic practice of the hospital, 
and to make a report. Each report is considered 
by the Board in the light of certain criteria, and 
the hospital is placed in one of four categories. To 
those in the first category unqualified recognition 
is accorded. To those in the second category 
temporary recognition is accorded, for six months 
or a year; and this recognition may be renewed 
for a further period at the Faculty’s discretion. 
Hospitals in the third category receive permanent 
recognition, but with the proviso that not more 
than a limited period—usually six months—will 
count towards acceptance for the examination, 
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however long the candidate may in fact have spent 
there. These are usually specialist hospitals, 
where good experience can be gained in a limited 
field. From hospitals in the fourth category recog- 
nition is withheld. 

Among the criteria by which a hospital is judged 
are the adequacy of the consultant staff in relation 
to the volume of work, the number of beds for 
general and special surgery, the acceptance of 
urgent surgical cases, the availability of instruction 
in special techniques such as those required for 
neurosurgery and thoracic surgery, the presence of 
an obstetric unit and an outpatient dental extrac- 
tion clinic; and the attitude of the consultant staff 
to instruction and to delegation of duties, to the 
keeping of records and to enquiry into mortality 
and morbidity connected with anaesthesia. 

The commonest cause for withholding recog- 
nition is inadequacy of teaching. Though the 
hospital may be up to standard in all other 
respects, if the bulk of the work is done by 
S.H.M.O.s or G.P. Anaesthetists, or by prac- 
titioners still in training, so that trainees cannot 
spend enough time in association with anaesthe- 
tists who are properly qualified to teach them, 
recognition is unlikely. It may be withheld, too, 
because the anaesthetic rooms or equipment are 
inadequate. 

A parsimonious management committee which 
seeks to run its anaesthetic service on the cheap is 
thus likely to find that it has no applicants for its 
posts, since these cannot be advertised as “ recog- 
nized for the F.F.A.” 

Recognition may be withdrawn from a hospital 
if circumstances change; if, for imstance, an 
increasing volume of work is not matched by an 
increase in staff. so that the time available for 
trainees to receive practical instruction from Con- 
sultants becomes insufficient; or if the same in- 
sufficiency results from the replacement of a Con- 
sultant by an S.H.M.O. Conversely, a hospital 
may be accorded recognition when some deficiency 
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THE “ RECOGNITION ” OF HOSPITALS FOR THE F.F.A. 


of staff, facilities or equipment has been remedied. 
There are several instances in which a Hospital 
Management Committee, which has remained deaf 
to requests from its anaesthetic staff to make 
improvements, has been persuaded to do so on 
finding that, as an unrecognized hospital, it has 
no applicants for its trainee posts. 
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Thus the mechanism of “ recognition ” protects 
the public by helping to ensure that the anaes- 
thetic consultants of to-morrow are receiving 
adequate training to-day, and that the hospitals in 
the National Health Service maintain a standard of 
anaesthetic practice of which they need not be 
ashamed. 





CORRESPONDENCE 


THE ACTION OF LAUDEXIUM 

Sir.—I must express my disappointment with 
Dr. Hunter’s methods of investigating a new 
curarizing drug (1955). Surely the object of 
animal experiments is to ascertain the basic actions 
of a drug and to carry out toxicity tests to find 
out if it is likely to be safe to use in man; this is 
the responsibility of the pharmacologist. Further 
experimental work should then be carried out in 
the species in which the drug is to be used; where 
this is possible the anaesthetist should try his 
drugs in conscious volunteers before using them in 
anaesthetized patients: the relaxant drugs are 
eminently suitable for such treatment. 

I put this principle to the makers of laudexium, 
and they showed admirable restraint in agreeing 
to withhold the drug altogether, until the experi- 
mental work in man was completed (Bodman, 
1952). It seems to me that Dr. Hunter has taken 
two steps back in order to take one forward, for 
he has ignored the experimental work in man and 
proceeded to a clinical assessment of the new drug 
in anaesthetized patients “ by determining the dose 
which would produce enough relaxation for the 
opening of the abdomen during a laparotomy ”, 
and to set the seal of science on his resulting im- 
pressions he quotes the figure “ 28.9 + 8.7 mg ”. 

Further, Dr. Hunter brings an animal experi- 
ment to the rescue of another of his clinical 
impressions: he is surprised that an electrical 
stimulus to the motor nerve causes a contraction 
of a cat’s voluntary muscle when under the 
influence of laudexium. This response to a supra- 
maximal stimulus can be readily elicited in man 
when voluntary effort in a conscious volunteer, or 
reflex response to surgical stimulus in the lightly 





anaesthetized patient, is abolished by ordinary 
doses of any curarizing drug. 

Even experiments in volunteers have their 
limits however and the final assessment must be 
made in the operating theatre. Dr. Hunter makes 
one such observation “ . . . in some cases, in the 
presence of an apparently adequate though 
reduced respiratory excursion, the signs of 
obvious respiratory insufficiency appeared”. He 
suggests, by analogy with an animal experiment, 
that this might be due to obstruction by bronchial 
secretions, but he makes no effort to test this 
hypothesis by aspirating the bronchi or ausculta- 
ting the chest—one cannot be sure that holding 
up the chin would not have cured the condition. 

With regard to the circulatory effects of 
laudexium, contrary to our findings at the clinical 
trial in 230 anaesthetized patients (Bodman, 
Morton and Wylie, 1952) Dr. Hunter maintains 
that laudexium affects the blood pressure. His 
argument is marred however by his admission that 
“ most of the rises were asphyxial ”: what then of 
the falls, might they not have been due to some 
other error in technique, such as an overdose of 
thiopentone or excessive bag-squeezing in an ill 
curarized patient? 

Dr. Hunter comments on the antagonism of 
laudexium by neostigmine. He says “ there are no 
comparable figures for d-tubocurarine ”. This is 
not true. My figures for the antagonism of 
laudexium and d-tubocurarine by neostigmine are 
strictly comparable and pertinent, as they were 
arrived at by experiment in man (Bodman, 1952). 
He is entitled to refute them on further experi- 
mental evidence, but he is not entitled to ignore 
them, As a matter of fact I think they explain the 
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differences which Dr. Hunter describes: I found 
under the conditions of the experiments in man 
“that the potency of tubocurarine is lowered by 
neostigmine by a factor of 1.7; that of compound 
20 (laudexium) by a factor of 1.4”. 

In setting out our clinical impressions (Bodman, 
et al., 1952) 91 of the first 186 patients were 
anaesthetized with thiopentone, nitrous oxide, 
with or without pethidine; the other 95 with thio- 
pentone and light cyclopropane, thus disposing 
of the argument that Dr. Hunter’s findings were 
due to a different method of anaesthesia. 

Finally, we did not state, as Dr. Hunter implies, 
that laudexium was a “completely satisfactory 
substitute for d-tubocurarine in anaesthesia ”; we 
said we thought “Compound 20, of all the 
relaxants we have had occasion to use . . . could 
best take the place of d-tubocurarine for surgical 
relaxation ” 

RICHARD I. BODMAN 
Hillingdon Hospital 
Middlesex 
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Brit. J. Anaesth., 

Sir—Thank you for your kindness in showing 
me Dr. Bodman’s letter. 

I yield to no one in my admiration for the moral 
and physical courage of those who submit them- 
selves to pharmacological experiments. I feel, how- 
ever, that the results of such studies have added 
little to our knowledge of the probable behaviour 
of anaesthetized patients to whom relaxant drugs 
are given. I am well aware, however, that this 
opinion is by no means universally held, but I 
trust that Dr. Bodman and those who hold con- 
trary views will treat my opinions on this matter 
with the respect which I am prepared to accord 


to theirs. 
A. R. HuntTER 


Manchester Royal Infirmary 


PROLONGED APNOEA AFTER SUXAMETHONIUM 
IN MAN 
Sir,—The case report quoted by Dr. W. B. Neff 
in the May issue of this Journal makes one wonder 
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if suxamethonium is not too often blamed as 
cause of prolonged apnoea. The possibility ¢ 
other factors prolonging respiratory depression i 
shown by the following report: 

Mrs. E. W., @ged 55, complained of headaches for 
month and loss\of memory. Gross pappiloedema w 
present, and the pulse rate was 60 per minute. Follo 
ing premedication with atropine 1/100 grain (0.65 mg 
anaesthesia was induced with thiopentone 150 mg, an 
the pharynx and larynx sprayed with 4 per cent ligno 
caine. A further 150 mg thiopentone and 25 m 
suxamethonium were given for intubation, which wa 
slightly delayed for technical reasons. Temporal bu 
holes and ventriculography were performed, and t 
patient remained apnoeic for 20 minutes, followed by 
respiratory depression for more than one hour 
During the movements of the patient on the X-ray 
table there were several brief periods of apnoea. Whe 
the patient was ready to return to the ward, respira 
tions were only 8 per minute and of poor volume; 
Pulse rate was 52. A total of 90 mi 50 per cent sucro: 
was given over a period of 7 minutes and resulted in 
marked improvement of respiration. After a furthei 
10 ml the patient moved in response to stimuli, t 
tube was removed and respirations remained oasis 
tory. 

This patient had an increased intracrani 
pressure before induction of anaesthesia, whick 
was aggravated by a brief period of hypoxia and 
hypercarbia during induction and later by the 
effects of air in the ventride and frequent change: 
in posture. If the patient had not been from 
neurosurgical ward this may have been thought 
to be another case of idiopathic suxamethonium 
apnoea. 

Joun W. DuNDEE 
University of Liverpool 


LABELS FOR SYRINGES 


Sir,—In labelling syringes, I use small pieces off 
adhesive plaster with the names (“ Pent.”) 
“ Flax.” etc.) typewritten on. This is extremel 
neat and after use the “labels ” are removed an 
stuck on the inside of the lid of the E/T box 
They can thus be used many times—justifyin 
the extra effort of typing them. 

To type them, strips of adhesive plaster 2 
put on old X-ray film and this is then inserted ir 
the typewriter, thus preventing the roller from 
becoming sticky. 

Davip L. Scott 
County Hospital, 
Sundsvall, Swede 
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